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TAKE AN ADRENALINE-FUELLED RIDE INTO THE SKY AND BEYOND! 





The history of human aviation spans over a hundred years, fromthe 
first manned flight of the Wright Flyer in 1903, which flew a 
ground-breaking 260 metres, to the futuristic soacecraft of today 
that shuttle astronauts and payloads to the International Space 
Station. Today's aircraft are constantly evolving and being upgraded: 
would the Wright brothers even recognise a Eurotighter Typhoon asa 
descendant of their Flyer? In this new edition of How It Works Book ot 
Aurcratt, we will bring to life a plethora of modern fying machines. 
Find out what it takes to become 2 pilot for the Red Arrows-and how 
the Supermarine Spitfire became such a successful aircraft in the 
Military section, Discover how commercial airliners are becoming 
more and more efficient and how hypersonic flight is being 
developed in the Commercial s&ction. In the Spacecraft section we 
transport you to the outer reaches of space to search for life on 
distant planets and investigate how we may send humans to space, 
Enjoy the book! 
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F-35 and future fighters 
Aerobatic displays 


100 years of 
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On board the Warthog 
Supermarine Spitfire 
Lancaster Bomber 
Sea Harrier 

Inside a Huey 

Sea Vixen : 
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5 times the Ss 
. 3 »= speed of sound 





118 The Space Shuttle 
124 The Orion spacecraft 


126 On board the 
SpaceShipTwo 


128 Voyager spacecraft 
130 The MESSENGER probe 
132 Big Space Balloon 


134 Space Shuttle 
payload bay 


136) 6ATV spacecraft 


Commercial drones 
How to build a plane 
Hot air balloons 


The luxury of the 
Lineage 100 jet 





World's largest 138 Solar-powered 
passenger jet | spacecraft 
Solar-powered aircraft - 140 Next-generation 


space planes 


Inside a cargo plane 





14. Next-generation 
a Space planes 





Boeing 78/ Dreamliner 
Gliders 
Inside a blimp 





The Perlan Project 
Next-gen airships 
Hypersonic flight 





an = 
eat as — 








oy iconic se of aU a and sizes have ae to the skies 







i 
a lee a Ey LS = 
| | > am + ie = = : = a : _ : m | 
— i = a So a ao” = — . g z 
a “a é ge ay, J — fh . . ar , ai Lu 
. Pee ee , : — — 1 z , Lr 4 i = — J “lel 
= ees ee eae ; J - oF ; 7 a . ae A, = i = 1 a . = = j | 
= : any oe ri died : - i 5 ai i # , a ’ if ' i L 4 ! i , 
F rie 7 7 «a = i ‘ a7 ' ' : 
rs ae a : el — ; as ' ,e 4 al ~ ‘ ' ‘bo : 
. : . —— F — Fd 1 f ‘ 
hea : =e ; P om i os j in I eT oe 
" 5 = . = - = co ‘i ; 1 : ' — i i | 
_ | D 7 = ’ , | — \ 
i Fa : 7 | 
a ' 
| 


a EV a 


‘i di: i ae 1 f 








The iconic aircraft that was created by the most famous of sibling partnerships 


Orville and Wilbur Wright were 

dedicated to their task of developing 

powered flight. Meticulously tested, 
on eerie am eM Mat MCORP Ershadelte 
Ohio but failed to take off on the first tests 
WOOO ORONO EMO Laat ide mee ee Mou P UAE tC DO hi 
managed to get airborne a few days later on 17 
December and achieved a best of 260 metres 
Lee aCe ella tie Tre RO atsel Reels) ear pen eae 


Construction 
The aircraft was created out of 
eM cee seme at eau sie Mela e hts 


for their strong yet lightweight 
pr eet fea aA eee was 


=== Wright Flyer 


sepeatedichi drs December 


Length: 6.4m (211 

Weight: 274 4k (605!b) oa 
Wingspan: leer (4O.3ig 

Max speed: (Minimal 

Max altitude: Minima 


pilot their invention, The aircraft was launched 
from a short monorail track by two modified 
e)Catri tomy etete Mella Wala el ata PatcR rim el ae esti Le 
and worked using a hand lever that could only 
i) el sR UUM Ue iem Ad Cem AP SIMO DN ewe te Otc) mn n a 
throttle, Prior to the Flyer, the brothers created 
various gliders from 1900 to 1903 that were 
dcaCceM OTM ECON Lene SU a0 most tee OL) NTM EES ALAR MET AT 
(ePIC Sete alcie (cme MINE: Ree ime cle: pan tcm an oma p ei 


STershut=l MP ETERcH CMI es le PT en mde ecm Banal ante 
Designed ina biplane structure, the Wright 
Flyer had an unfortunate untimely demise 
when itwas wrecked four days after its maiden 
flight by a huge gust of wind. The design was 
Phe Ut] tiem Pam Oi teel MI Gh se mera (l elem iP iat bee 
before moving to the Smithsonian National Air 
and Space Museum in the USA after Orville’s 
sferiae@ PMU hte p 


aimee 
When developing their projects, the 
brothers designed a system of gears 











A behemoth of the skies, the size and sheer 
scale of the 747 is now legendary 


Engine — 
In addition to the technology 
found inside the cockpit, the 747 
utilises high-bypass turbofans 
that make It powerful, fuel 
efficient and quiet. 


ee eetepis ise rcers Wee COW R MA) Aale reba) Came bts Te BI 
{) problem. With the popularity of aviation 

a soaring cd et CoM ALUN RECOM Ia 
-thesupply of aircraft was struggling to meet demand. 
But Boeing had a solution up its sleeve; the biggest 
Re pUE We niga litem ee uien atl twat Gta ic gaEt Tele 
‘months by a group of workers knownas ‘the 
Incredibles’, the design came in three variations — 
passenger, cargo and passenger/[reighter -and was 
first flown ini965. By 1970, this new breed of jumbo jet 
had fitted seamlessly into the world’s air trafficand 









| The 747 wos creoted by o team of 50,000 peop 
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than-a basketball court, 












fe including Mechonics, engineers ond secretories 
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Modern technology ——— 
As well as being a huge machine, the 
f47 also contains state of the art 
technology such.asa GPS system 
that weighs less than a laptop. 





silenced critics. Since its inception, the 747s have 
appeared ina variety of models. The 747-400 was first 
flown i1n1988 and is a combination of the earlier freight 
Uae ger becisi beers lee tae Gee boas ocitc Utne rw eae e lB 

Statistics calculated in 2005 reveal that 1,365 747s 
have been delivered internationally to over 80 
different customers. Incredibly, ithas flown over 3.5 
billion passengers. In recent years, new jumbo jets 
CLP i esea es lowe Whee Bi eR Mar Vee eer lege Re lene W ace) Face ee 
JETT MIE TT OBC MH PRO) MGE-e-iaccEs Te SBe) CUO) MLM ed toe DEL m@ OTN a 
that gigantic airlines were possible. 















































aVib aa > = De: b atgerpae : - | fee 
a. pu: A Le in 1,2 i. = 
i) . eo ae al AY | I - NV i e } 7 } a Lh ; 


— 






a. : cc, See i= ) = ys =| ee = : 
eR) t0G Ghee acelin oleae) dar: 0 anal: 
See ie i = at an ceil as ; 4 

Si er ieke lee Tne desier Was cl Plant eal 
ct eset ofel oe f-Tal ok at al fatact ate ao fe et 

uh hie Ls rhe La) tet = 2 eae ee Pe ae oLa Eat 

ey eee oe, Seay ee Se aa | 

Nee a oly Cum Pande note eal 


ci8 3G 1a Te) a es vl ites ia plate 


— i ] 
— = ee e ‘im i i Pf eee t 
‘thi rust aa tet) om ad OEe Pate es Pe 
1 ine ae HDSONnIC Speeds ana was 
Shim fe a =] ty 





Stealth material 
The Stealth Bomber's structure is 
composed of resin-impreqnated graphite 
fibre, a reinforced polymer compound that 
has a radar-absorbent coating. 
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Northrop Grumman 
B-2 Spi 

Launch date: 1997 

Length: 21.03m (69° 
Weight: 71,/0Okg (158,07 1b) 
Wingspan: 57.43m (1f2th 
Max speed: 

L,010knni'h (628mph) 


Max altitude: 
15.700 (49 S69Ft} 
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Payload 

Designed as an advanced bomber, 
the B-? can accommodate more 
than 40.000 pounds of a nuclear or 














htening 

Fof the B-2is 

a seal to carry an 
immense poyload” 








OTD WOUIKNOW= 





Ay 
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wheelsthat help land its huge 
weight safely. The powerful 
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gallons) of fuel every hour! 
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Launch date: 1975 

Length: 62 lr (203TH 
Weight: 10:6 tons (7340016) 
Wingspan: 5.5mm (83.8ft) 


Max speed: 
2.df2km/h(L34omph) 


Max altitude: 
18,288m(60,000F) 


Years in service: 27 
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$3. ICONIC AIRCRAFT 
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Enola Gay was a type of J | fo ee . 
Boeing B-29 et, a Production line 
Superfortress and its . ——— Up to 4,000 6-295 were made 
Plier Taree) Late Ee Coen RN Cay oa) 
fees | tests atomic = : det bebo a 
payload made it ideal for | ~ programme with Dee a rad 
the Hirashima mission. ~ ae. | thousands of ree 





| Length: 20.2m (St) 
| Weight: 31400kg (69,0001) 
Wingspan: 43m (141.3ft 


Max speed: 
BeSbkrny hi (365mph) 
Max altitude: 

97 10m (318500 


Years in service: One 
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The blast that engulfed Hiroshima was 
equivalent to 20,000 tons of TNT and 
80,000 died instantly, but it helped end 
eer) 
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State of the art 

The entire aircraft was 
modern, from its retractable 
landing gear, to wing flaps to 
Variable pitch propellers, 








Design 

The Electra 104 was Lockheed's 
first all-aluminum aircraft and the 
use of this material mace it 
stronger as the alloy shared the 
weight of the onboard load, 
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“The operation ran 

Into trouble and Earhart 
ond the Lockheed Model 
10 disappeared” 





Lockheed Electro 10E 
Length: 11.8rn (38.7 ft 

Weight: 3,220kg (7,100lbs) 
Wingspan: 16. 7m (S5rt) 

Max speed: 212krm,‘h (154mph) 





Twin tail 

The Model 10 had a 

signature twin tail in 

addition to a distinctive 

art deco appearance 

that was very popular 
at the time. . 
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Control car 

The Hindenburg was 
manoeuvred by the 
‘Fuhrergondel’ or control 
car on the bow of the 
airship. Rudders and 
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Launch date: 4 Wviarch 1936 

Length: 245rn (803.8ft) 

| Diameter: 412m (135. 1f) 

Max speed: 135kmh (84rnoh) 
Crew: 40 flight officers, 

L? stewards and cooks 


| Years in service: 
One year and two manths 


Fr 
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“The fighter remains 

gn evocative symbol of 
the dogfights over the 
Western Front” 


Three wings 
The Fokker was a 
dreidecker (three 


decked) fighter with its 


wheel structural 
support acting a5 a 
smaller fourth wing. 





Firepower 

The German pilots wielded 
twin 7.92mm Spandau LVIG 
08/15 machine guns that 
Would cause mayhem to the 
British planes in the 
1915-1916 ‘Fokker Scourge’. 





a — 






ee 


= eee = Lee 


| Fokker Or.I 


Launch date; |S)" 

Length: 5.7 7m (18.93ft) 
Weight: 406k (495ib) a 
Wingspar: 720m (23.6270) | 
Max speed: 1654m,'h O03mph) ! 


Max altitude: | 
6,095 miles (19.997 Tt) 


Number produced: 320) 









Engine 
Alongside the wings, the | 
rotary engine gave the 
Dr.l an excellent service 
ceiling and climbing 
capabilities for the era, 
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Cockpit 

Two pilots control the war 
machine, which has a 
state-of-the-art cockpit 
complete with long-range 
communication and 
navigation systems. 


Engine 

Requiring expert 
manoeuvrability to dodge 
enemy fire and take down 
insurgents, the Apache has 
that in abundance thanks to 
its T7O0 Turboshaft engine. 
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Boeing AH-64 


Launch date: 1954 

Length: 173m 84/%) 
Weight: 6,228kg 05,075ib) 
Max speed: 2/Shm/h (1? Smph) 
Years in service: 30 
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Rocket launch 
To enable the Bell to 
reach its target speed 
and for safety reasons, 
the aircraft was only 
ever air launched from 
Boeing B-29 or B-50, 









“The design was so 
good that the X-1 Material 


The *-1l was built with 


provided inspiration for high strength 


aluminium and radium 


the Space Dr OO! oOmMmMne 7 paint in an international 


Orange paint scheme. 


Need for speed 
Cabin pressurisation, 
retractable landing 
gear and 12 nitrogen 
fuel spheres gave the 
X-1 the best chance of 
achieving its goal. — 








Bell X-1 
Launch date: 1946 
Length: 9.45m (31ft) 
Weight: 3,674ko (8, 1901b) 
Wingspan: &. 54m (2afr 

| Max speed: 1,540km/h 
(957mphy Mach 1,45 

| Max altitude: 

| 21,900m (71,900T) 
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The statistics... 
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Invasion , ghie Liki oate oe che aes Le Jeieite ta aie ELT Launch date: isso 
| Length: 9.2m (29.117) 
Weight: 2.257kg (4,976Ib) 
Wingspan: 11.2 3m (36.1011) 


Max speed: 
fae lk ra) | ee ah ' | = oe 
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Canepa) the war. becoming the mos - ac Max altitude: 
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“The Spitfire remains Eight Fiver eee 


As Wellas being a more than capable Boasting superior 


qn con of p lu cky fighter, the Spitfire's high service manoeuvrability, Spitfires 


ceiling allowed it to be an effective would take down the more 


Bri t [ S A res | sto Nn ce I Nn th P reconnaissance aircraft, gathering nimble German fighters while 


Valuable enemy information. the Hurricanes went for the 


SUMMNeE! of 1940 i | | Luftwatte bombers. 
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Bullet proof 
Many Spitfires had their 
fuel tanks lined with 

linatex rubber to prevent 
leaks and fire when they 
were struck by bullets. 
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To be able to make the 
daring trip, the aircraft's 
wingspan was lengthened 
and a larger fusclage was 
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the increased filel tank. 











| Launch date: 1927 


| Length: 8.41m (277 ft) 

| Weight: 2,330ka (5,195) ) 
Wingspan: 14.02m (461) . 
Max speed: 200km (120 miles) | 





The. extra fuel tanks requir 
for the transatlantic journey 
were so big that the aircraft's 
capacity was cut from five 
persons down to one! 
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F-35 and future fighters 
Meet the next-generation of 
stealth fighters offering 
all-round air supremacy 


Aerobatic displays 

The amazing tech behind the 
stunning aerial displays ofthe 
Red Arrows and Blue Angels 


100 years of 

fighter planes 

From World War Ito modern 
day, inside the most iconic 
military aircraft 


On board the Warthog 
Why is the A-10 Thunderbolt 
still in use today after over four 
decades of flying? 


Supermarine Spitfire 
What made the Spitfire such 
aspectacular aircraftin the 
second World War? 
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Lancaster bomber 
Undertaking some of the most 
dangerous missions of WWI] 


Sea Harrier 
54 Dominating the subsonic 





jet fighter field, the Harrier 
changed fighter dynamics 


Inside a Huey 

Take a look at one of the most 
versatile vehicles from the 
Vietnam War 
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Sea Vixen 
Next-generation firepower in 
an all-weather jet fighter 


Westland Lynx 
Can any other vehicle beat the 
Westland Lynx's records? 


Strategic bombers 
Take a look at the dedicated 
bombing aircraft of war 


Attack helicopters 


Explore the world’s deadliest 
military gunships 
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Le pacy aircraft worldwide are being blown out of the 
sadly bya a formation of revolutionary multi-role mi 
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jets, offering all-round air su remacy anda letha 
he of explosive new technology 
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joint strike fighter (SF) 
eee allele 
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| The latestand greatest black project’ from 
| Lockheed Martin's Skunk Works - 

» technically referred to as the Advanced 
Development Programs (ADP) unit, a classified 
division of the company unrestrained by 
bureaucracy — the F-35 Lightning is the most 
advanced fighter jet on Earth. It’s the first and only 
stealthed, supersonic, multi-role fighter. 

Born out ofa demand to dominate the fluid 
2ist-century battlefield, replacing a plethora of 
legacy aircraft such as the F-16 and A-10 Thunderbolt 
Il, the F-35 is rewriting the rulebook on aircraft 
design, capable of performing almost any possible 
role imaginable today - be that strike, support or 
reconnaissance = with greater efficiency than any 
other aircraft made to date, The cost of this 
performance? £69m (5139m) per plane. 

So what does all that cash actually buy you? Ta 
start, the most powerful powerplant ever fitted toa 
fighter aircraft, The F-35, across allits three 
variants - read: F-35A, F-35B and F-3§C, differentiated 
largely by takeoff mechanism - is fitted with a Pratt 
& Whitney F135 afterburning turbofan jet engine, 
which delivers a mighty 19,500 kilograms |43,000 
pounds) of thrust and grantsa sound-shattering top 
speed of over 1,930 kilometres (1,200 miles) per hour: 
that’s over Mach 1.6 or, to put itanother way, 
infinitely faster than your gran’s Mini Metro! 

The cash, which is being dropped in large 
quantities by the States, as well as eight other global 
partners including the United Kingdom - which is 
set to deploy the aircraft on its new Queen Elizabeth- 





“Each F-35 utilises structural 
nanocomposites, such as 
carbon nanotube-reinforced 
epoxy and bismaleimide” 
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Put simply, the most versatile, deadly and ‘ %, Da: 
technologically advanced fighter jetinthe world = ¥4 


class aircraft carriers —also purchases the operator 
one of the most advanced aircraft structures in 
existence. Each F-35 utilises structural 
nanocomposites, such as carbon nanotube- 
reinforced epoxy and bismaleimide (BMI), to 
produce a framework unrivalled in lightness and 
strength, as well as heavily integrating epoxy glass 
resin to maximise aerodynamics. In terms ofskin 
and coatings, each F-35 aircraft sports a radar 
cross-section the size ofa golf ball thanks tothe 
implementation of fibre-mat over the fuselage. 

The cockpitis also state of the art, deliveringa 
full-panel-width, panoramic glass cockpit display as 
well asa host of bleeding-edge avionics and sensors 
such asthe Northrop Grumman AN/APG-H1 AESA 
radar and electro-optical targeting system (EOQTS). 
Further, much of the cockpit has been optimised for 
speech-recognition interaction, allowing the pilot to 
control many parts of the jet by voice alone. 


The rate ofclimb ofthe F-35 
is currently classified 








Of course, the mainattraction of the Lightning II 
isits diverse armaments - the equipment that 
transforms it from technical marvel into a master of 


destruction. You want air-to-air prowess? You've got 
it, with the F-35 capable of launching AIM-120 
AMRAAMs, AIM-gX Sidewinders, IRIS-Ts and the 
futuristic beyond-visual-range MBDA Meteor. For 
maximum air-to-ground penetration, take your pick 
from AGM-154 JSOWs, 50M Cruise Missiles and 
Brimstone anti-tank warheads. Evenifyou want to 
engage marine-based targets the F-35 delivers the 
coods, capable of launching the new anti-ship Joint 
Strike Missile (]SM). Throw ina raft of other 
munitions, including the Mark So series of free-fall 
bombs, an Mk.20 Rockeye II cluster bomh, the 
Paveway series of laser-cuided bombs and even, in 
DEFCON 1 situations, the B-61 nuclear bomb and you 
have one extremely versatile, powerful and deadly 
feat of aviation. 
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Next-gen stealth fighters 














































Made by tech-masters Rolls-Royce, the F-35's 
LiftSystem isan innovative propulsion system 
that allows for the main engine exhaust to be 
redirected for direct vertical lift. Perfect for 
carrier deployment. 


How It Works breaks down 
this awesome piece of military 
engineering to see what 

makes it so odvanced 


Cockpit - r 

A panoramic glass cockpit display \ 

(PCD) is standard on the F-45, ~ 
allowing unparalleled visibility. 7a 
Speech-recognition systems also 
offer audio control of parts of the 
pilot interface. 
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Sensors 

The main sensor installed in the F-95 
isan AN/APG-h ABSA radar, which 
is produced by Northrop Grumman. 
This main radar is augmented with 
an electro-optical targeting system 
(EQTS) mounted under the nose, 


Armament - oe at 
Asidesfroma stock GAU-2a/A 

quad-barrelled cannon, the F-35 can 

carry a wide variety of bombs and 

missiles, ranging from AIM-gX 

Sidewinders, through AGM-128s 

and on to /DAM-guided bombs. 
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The F-35is the first mass-produced 
aircraft to include structural 
nanccomposites, primarily 
utilising carbon nanotube- 

reinforced epoxy. Other materials 

include bismaleimide (BMI) and 
composite epoxy glass resin. 
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APratt@ Whitney Fras afterburning 
turbofan delivers 19,500ke (43,000lb) 
of thrust to the F-35, allowing atop 
speed of over 1,g7okmi/h {(1,200mph}. 
The engine is the most powerful ever 
installed ina fighter aircraft. 

















- Wings 

The total wing area of the Lightning 
Il varies dependent on confipuration, 
with the CTOLand STOVL variants 
sporting 43m? (46oft*}and the 

CV variantéam*|608It*), 


The statistics... 
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Crew: | 


Length: (5.7rn (SL4f 
Wingspan: 10. fim (33ft 
Height: 4.2m (42TH 
Weight: 13,300k9 (29, 300Ibi 
Powerplant: i x Pratt & Whitney 
F135 atterburning turbofan 
Dry thrust: 125kN (28,000lbr) 
Thrust with afterburner: 
I91kN (43,000IbN 
‘ | Max speed: Mach 16 

——— Stealth =. 930k 1,200mph) 
The F-35 has. a tiny radar cross- Ni 

ok fa a 
section (the size ofa golf ball) thanks 13 Sais sie 
to heavy implementation of — — 
fibre-mat in its construction, as well Man eat iies 2 
asstealthfriendly chines for vortex 6,288 (60,000Ft) 

liftas used on the Sk-n Blackbird. Thrust/ weight: (0.8/ 

g-limit: +9 9 








Guns: 1 x General Dynamics 
GAUA27/4 Equalizer 25mm 


rT Th e F-3 5 ’ G | ift S U ct P mM four-barrelled Gatling cannan 


Hardpoints: 6. external pylons, 


gllows for the main engine {ssp 


ax payload: 8,100kq 


exhaust toberedirected 


Armament: 4ir-to-air, 


for direct vertical lift" »2sn" 
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© Alex Pang 


fapngan lots are now 
linked to their aircraft b 
‘electronic umbilical cords” 
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Russia’‘s hottest jet project currently in development, 


the highly classified Sukhoi T-50 is a fifth-generation 
multi-role fighter designed to deliver awesome 
long-range strike capabilities 


Arguably the main competitor to the F-35 
Lightning I, the Russian-made Sukhoi T-50is 
anextremely advanced, twin-engine, 
multi-role jet fighter that, aside from beinga 
top-level black project (in other words, highly 
hush-hushj, promises to deliver an insane top 
speed, range and payload. 

Power, which is titanic — 267 kilonewtons 
(66,000 pounds-force) of thrust on afterburner 
-comes courtesy of two Saturn 117 turbofan jet 


engines. The thrust has been drastically and control system|armaments, such asthe C-Omitry Fichugm 
Increased since the previous AL-31 powerplant RVV-BD variant ofthe Vympel R-97, Sukhoi T-5o0 
and this not only allows the T-50 to easily Currently only a hancdful of T-5o0s have been Crew: 1 
surpass Mach 2(a top speed of 2,500 produced and flown, however it is expected Length: 198m (65.91) 
kilometres, or1,500 miles, per hour) butalso that throughout its 35-year lifespan beginning Wingspan: 14am @sert) 
supercruise - continuously fly at supersonic in 2016, more than 1,000 jets will be made, each Height: 6.05 (19.8F b 
speeds without engaging the afterburner. unit costing between £31-36m ($46-57m). Sats Siercinamen ee 

The reason for the twin-engine setup, as Th aA eee Te ‘ MPH 12S SA Pe 

aie er es. eee 1@ NUP AESA radar as will be used on Powerplant: 2 x AL-AIFi 
well as the supersized fueltanks, isto help the production variantofthe T-50 Secu uains 
fulfil the T-50's design focus to specialise in ees 
long-range interdiction operations (striking at SEC aeaaa 
enemy targets that are located ata freat range hea GigE 
from allied forces). This is a core competency 5. 500km (altmi 
for modern Russian military bombing aircraft Max altitude: 
due to the size of the country and the great 20,000m (65,6008 
distances between stopover points. Rute of climb: Classihed 

Avionics are handled by an integrated radar Thrust/weight: 119 
complex, which includes three X-band active quiimit: Cl aceifiad 
electronically scanned array (AESA| radars fase = om ean 
mounted to the front and sides of the aircraft, a2 ee ARI TRE 
an infra-red search and track [[IRST) system, as panlietiedmda cal PyOnS, 
wellasa pair of L-band radars on the wing pe 2 Tata? 

, mament: Air-to-air, 

leading edges, which are specially designed to sgedeagcrind: aateahis 


detect very low observable (VLO} targets. 
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In terms of firepower, the production variant 
ofthe T-50 will boast up to two 30-millimetre 
cannons, as wellasa mix of lzdeltye 810 
extended-beyond-visual-range missiles, 
long-range missiles, Kj4.and K3o0 air-to-air 
short-range missiles and two air-to-ground 
missiles per weapons bay. Free-fall bombs can 
also be carried— witha limit of up to1,500 
kilograms (3,300 pounds) per bomb bay—as 
well as various anti-AWACS airborne warning 


- Paveway ll bombs 


As well asalr-to-airroless 


a Cae ies aN the Typhoon canadaptto \\*. 7... 
ind have theability to supercruise air-to-ground operations, 
alta msustained supe ‘sonic flight ; delivering GBAL-16 ‘es n “ 
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Air interdiction 
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Fighter jet roles 
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The Typhoon is one of the most adaptable 


multi-role fighters in operation today and has 
recently been upgraded to deliver enhanced 
air superiority and all-round lethality in its 
combat operations over the next decade 


The Eurofighter Typhoon is currently one of 
the most agile aircraft in the world. ltis so 
agile, infact, thatattempting to blow it out the 
skies is like trying to make a mile-long sniper 
shotin high wind. Why? Itwas built to be 
fundamentally aerodynamically unstable 
and, ifit were not for its advanced fly-by-wire 
control system generating artificial stability, 
would be too much for even the most 
experienced pilotto handle. This instability, 
however, allows for pilots to perform some 
physics-bending manoeuvres at just plain 
stupid speeds —read: upwards of Mach 2- 
delivering them a combative edge and helping 
to ensure total air supremacy. 

Of course, agility alone can only take you so 
far- especially so when the hardware needs to 
fulfilalmost every airborne military role 
imaginable. Good job then that the Typhoon 
can carry an abundance of weapons. You need 


contextual information to be directly fed to the 
helmet's visor for immediate consultation by 
the pilot, but also enables special nodules on 
the helmet to be tracked by fixed sensors inthe 
aircrait’s cockpit. As such, wherever the pilot's 
head moves, the aeroplane knows exactly 
where they are looking and can automatically 
prep weapon stores dependent on the 
perceived level of threat. 

Any future fighter though also needs to be 
prepared to defend itselfagainsta barrage of 
smart munitions, which again -thanks to the 
Typhoon’'s perpetual evolution -the hardware 
delivers in spades. The entire jet is protected 
bya high-integrated defensive aids sub- 
system (DASS), also nicknamed Praetorian. 
Praetorian consists ofa wide array of sensors 
and electronic/mechanical systems - 
detection is handled by both a radar warning 
receiver and laser warning receiver - that 





= parenpeahensceas aes i to 20 toe-to-toe with enemy fighters inan automatically track and then resp ond to both 
Length: lor (52.4ft} air-to-air combat dogfight? No problem, take air-to-air and surface-to-air threats. The plane 
Wingspan: lim (35.9%). your pick from Sidewinder, ASRAAM and can respond by releasing chaff |eg small bits of 
Height: 5.3m (173) AMRAAM air-to-air missiles. Need to aluminium or metallised glass, etc), laresand 
Weight: 11,1 50ko (24,600Ib) undertake a bombing run through hostile electronic countermeasures (ECM), as well as 
Powerplant: 2 x Eurciet E1200 territory? Well, the Typhoon’s 13 hardpoints by releasing a towed radar decoy (TRD). 
afterbuming turbofans allow for Maverick, HARM and Taurus As of October 2011, 300 Typhoons are 
Dry thrust: — munitions to be smartly delivered (via recorded to be in operation worldwide with 
BON (13,0001b1) each laser-guiding and GPS) with ice-cold efficiency. over1jyoaircraft on order. 
Thrust with afterburmer: Need to disrupt a hostile target's comms 
BSKN (20,000ibF) each network througha tactical electronic warfare 
Fuel capacity: strike... You get the point. 
SSNS Gate ry eee Supporting this awesome arsenal isan 
Max speed: Mach 2+ upgraded weapons system, which has been 
SE Gae ine? designed to unite the pilot and hardware like a, 
Max range: aa : li - 
3 790k (2.350mi) ag before. Typhoon pilots are aa linked to 
eee carers heir aircraft by an ‘electronic umbilical cord’, 
See aeons which extends froma comms-optimised —, 
pe eis helmet directly into the jet's system. This not 
315s (62. 000Ft/min) only allows images and videos of notable 
Thrust/weight: 1.15 UL hy A poy? 
neater The Typhoon's 13 
cunsiixzinmvioserexa? §= HOPpoints allow — | 
revolver cannon ‘ : ne sa ae £ 
torpor § MUItIple munitions = 
oJkKU rPhuse : zs 
7.500kg (16, 5001b) - d | NiO d nth _ = 
ae elivered with ice- | 
eesuniste cold efficiency & 
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Anyone who's seen the Red Arrows or the 
Blue Angels perform will know why many 





| ae consider these pilots to be the world's best. 
They execute death-detying stunts at breakneck 
speeds; flying low to the ground and experiencing 
e-forces that makes their heads feel like 20-kilogram 
(44-pound) balls. They manage not only to control their 
aircraft, butalso to work perfectly ina team, pushing 
themselvesand theiraircraft to the limit. 

The Blue Angels — the US Navy's flight 
demonstration squadron —and Red Arrows—the UK's 
Royal Air Force Aerobatic Team - have very 
interesting origins. After World War II ended, the US 
chief of naval operations, Admiral Chester Nimitz, 
was keen to maintain the high level of publicinterest 
in naval aviation. He feared that he would lose 
significant amounts of funding to other areas of the 
US Army; therefore, he devised a plan tocreatea 
flight exhibition team. Throughout the following 
decades, the Blue Angels flew a number of different 
planes, including the Fé Hellcat, the F-4 Phantom and 
the A-4 Skyhawk. They finally settled on the Boeing 
F/A-18 Hornet in1986, the 4oth anniversary of their 
conception, which they still use today. The Blue 
Angels now perform all over America, with air shows 
taking place between March and November. 

The Red Arrows take their name trom two aerobatic 
display teams that preceded them, the Red Pelicans 
and the Black Arrows. The first Red Arrow display 
team was formed in 1964 after concerns that aerobatic 
display pilots were neglecting their combat training, 
as they preferred to practice their stunts. The first 
official Red Arrows flew the Folland Gnat which had 
been used by the Yellowjacks in previous years. The 
original team flew with seven aircraft, until 1968 when 
they decided to adopt their now trademarked 
‘Diamond Nine’ formation, In 1979, the BAE Systems 
Hawk —a modified version of the Royal Air Force's fast 
jettrainer-—was chosen to replace the Gnat. The Red 
Arrows have now performed nearly 5,000 shows and 
celebrated their 50th season in 2014. 
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manoeuvres with precision and coordination 


Both the Red Arrows and the Blue Angels 
update their show routine each year, which 
typically lasts between 20 and 30 minutes. They 
prepare three different displays and choose 
which one to perform by examining the 
weather conditions. A ‘full’ or ‘high’ show will 
be performed in clear weather, when the cloud 
base is over 1,372 metres (4,500 feet) high. This 
allows a full, looping display to be carried out 
and means that even at the top of each loop, the 
planes will remain visible. 

lfthe cloud base is lower than this and 
conditions are overcast, a ‘rolling’ or ‘low’ 
display is performed. When the weather is 
particularly bad and the cloud base is below 
762 metres (2,500 feet), a ‘flat’ show is 
performed. This willinclude mainly flypasts 
and steep turns, as these are the only 
manoeuvres that remain visible in such 
poor conditions. 

The first five Red Arrow planes (Reds ito 
5) are the front part of the overall formation, 
known as ‘Enid.’ The remaining three planes, 
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Reds 6 to 9, make up the rear section andare 
known as ‘Gypo,’ Reds 6and 7 are the ‘Synchro 
Pair, and will perform opposition manoeuvres 
during the second half ofthe show. The Blue 
Angels also have asimilar pair—the Blue 5 and 6. 
Blue Angel 5 pilot Mark Tedrow 
spoke about the most challenging 
manoeuvre that he performs: 
“It's called the inverted tuck 
over roll which is where I'm 
trying to hide my plane 
behind Blue 6, sothe 
crowd only see one 
aircraft. Last year we 
performed this 
upright, but this 















isplays 


Find out how display pilots pull off their incredible 





year we decided to make things harder and 


perform itinverted.” 

Being disciplined during a manoeuvre is vital 
forall display pilots. Hours of practice enable the 
Red Arrows to move nine aircraft as one. Red 2 
pilot Mike Bowden, revealed how the Red 
Arrows achieve this visual feat: “There's a 
perfect position to be in during all manoeuvres 
and to achieve this we aim to triangulatea 

position on the Team Leader's aircraft,” he 
7 explains. “We use two reference 
. points to put usin the right part of 
, thesky, which helps usto ensure 
® that we don't get too close. Six feet 
(1.8 metres] apart is close enough 
™ when you've got nine aircraft 


See = 6inone vicinity.” 
a x 
a Lo . 






The Red Arrows can produce a 
vapour trail for seven minutes 
during a 30-minute display 















See the manoeuvres that were 


performed to mark the 75th Anniversary 


of the Battle of Britain in 2015 if 
4s a 





= . 5 = 
Spitfire Reversal Whirlwind 
In recognition of the /Sth anniversary of the Battle of The Whirlwind was introduced for the 2015 Red Arrow 


Britain, the 2015 Red Arrows display featured them displays and features all nine jets performing a roll 
flying in the shape of a spitfire. followed by a Blackbird loop. 








Rollbacks 


Red ? will pull out of the Diarmond Nine formation and perform a full 360-degree roll around Red 4 and then 
himself outside of Red 4. At the same time, Red 3 will perform an identical manoeuvre around Red 5. The 
difficulty here is to keep the roll as tight as possible, and to time the ralls so that they are the same speed and 
look the same to the crowd. 





Vixen Break Mirror Roll 

All planes fly directly towards the crowd, before Throughout their 2015 displays, the Red Arrows 
breaking in different directions up and away from the revived the Mirror Roll which involved Red 6 

crowd, pulling up to 7g. This is often a crowd favourite, performing an inverted barrel roll at -2.59, while Reds 
but is one of the simplest manoeuvres to perform. f, 8.and 9 remain in formation. 
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G}Orahgim Taylor Alam, 


‘The high speed-crossing 
manoeuvre is much easier 


MILITARY A402) @2)4\9m8 thon rolling into formation" 
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Inside the move 

Explore what makes the awe-inspiring manoeuvres work 
All ofthe manoeuvres performed by the Blue speed-crossing manoeuvre, whichis actually 
Angels are difficult in their own way, but some much easier to do than rolling into formation. 


ofthe stunts that look the hardest are actually This may look graceful, but itrequires much 
the easiest. An example of this is the high more skill to perfect. 
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Double Farvel Knife Edge Pass Section High Alpha Pass 
This manoeuvre involves the first four Blue Angels. To perform this manoeuvre, two planes fly towards This is the slowest manoeuvre the Blue Angels 
They perform a flypast ina very tight diamond the same point at high speed, before suddenly perform, and involves two of the jets slowing to 
formation while two of the planes, Blue Angels 1 altering their position so they pass each other. This 193km/h (120mph) as they pitch the noses of 
and 4, are inverted, can be performed as low as 15.24 metres (50 feet). their planes up to an angle of 45 degrees. 
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Combating g-forces 
We measure gravity in terms of how much 
acceleration a force applies to an object. During 
some of their daring manoeuvres, aerobatic 
pilots will often be exposed to extreme 
gravitational forces. These forces direct their 
blood away from the brain towards their feet, 
causing the heart to stop pumping sufficient 
blood back to the brain which will eventually 
cause the pilot to totally blackout. 

There are two ways that aerobatic pilots 


can counteract this problem. Red Arrow pilots =| } 


wear a g-suit which employs a compressed 


air and bladder system. This compresses ‘ de | 
the legs and abdomen, reducing the rine 
likelihood of a blackout by reducing the IAA 
amount of blood able to flow away from Til 


the brain. 
Blue Angel pilots undergo specific training 


to enable them to fly without g-suits. This is j 


because it is impossible to wear them when | 


they fly, as they rest their forearms on their 


legs and use their knees as a fulcrum which 

the suits could interfere with if worn. Instead, they 
learn to tense their lower body muscles and exhale 
sharply (known as the ‘hick’ manoeuvre), that 
slows the rate at which the blood flows away from 
the brain. Blue Angel pilots are mandated to 
exercise at least six times a week, which keeps 
them fit and helps their bodies cope with g-force. 
On top of this, they train ina centrifuge each year 
which exposes them to extreme g-force and lets 
them practice dealing with its effects. 
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Flying helmet — — 
Although it primarily 
functions to protect the 
pilot's head, the helmet 
houses the 
communications 
equipment as well. 


Oxygen mask —— 
The Red Arrow pilots all 
Wear oxygen masks 

fitted with a microphone, 
but their Blue Angel 
counterparts do not, as 


they typically don't fly 4 
above 4.572m(15,000ft). fox 


Display ——— 
flying suit 

The Red Arrows 

and the Blue 


Angelshave their | ~" 


own display suits 
accordingly 
coloured to sult 


their name. These 
are mot worn 
during training. 
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Above: The Blue Angels wear 
_ their iconic yellow helmet 
% but do not wear an oxygen 


* mask during performances. 


Life preserver 
The life preserver is 
equipped with vital 
survival aids, such 
as a locator beacon 
and mini flares. 


Personal 
equipment 
connector 
Red Arrow pilots 
fe use this to connect 
® to their aircraft. tt 
ie provides oxygen 
. and also inflates 
their ‘g' trousers. 
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Anti-g trousers 
Unlike the Blue Angels, 
the Red Arrows wear 
anti-g trousers to 
prevent blood fram 
rushing to their legs 
during manoeuvres 
involving strong g-forces. 
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What it takes to 
be a display pilot 
Learn about the rigorous 
interview and training that 










future pilots have toface (| — “on ae a a 
i oe . = 2 oe Ps aa. to complete a yariety of 
The interview process for selecting anew - | i=. survival challenges before 
member of a display team 1s incredibly } a a roe eae Mart ame PET Later L ate aE 
thorough. In the case of the Blue Angels, there ee i ee Ph \ sii to fly with the tear 





has to bea completely unanimous (16-0) vote in 


favour of a candidate in order for them to join. The experience you'll need to qualify 


Tne res AY Lawes WwHLshortUst nine potential With only three spots available each year, gaining a place in a display team needs 
pilots via a pre-selection board, who are then a very specific set of skills 


invited for the seven-day interview, During this 

time, the candidates will undertake a flying 

test, meet the current team, accompany a Red 7] 3 ADDONVA/< 
Arrow pilot during a display practice and be ars ei 


BLUE ANGEL’S 


formally interviewed. Once this has been me | eee 
completed, the current team will meet to decide 3 | iinet | 

F i rele ee eee ete ert ee ee or an Sa fi] te iV ey | Ce) sy rl gs sre uc ted ia) fete es ie fe) Wiel 
Which applicants have been successful. AL en't-a requiremen negro SY Gr esa 


Flight lieutenant Mike Bowden, who pilots 
Red 2, explains how first-timers learn to flyin | ? 
unison: “When you fly in formation on the front EX perience 
line, you wait for the aircraft around you to Be rela) (ici SUM Cell met aaa a! ea ee Le 
move and copy what they do,” he says. “If we 


vB teeta ebm elelgys seal ais cies |e [oa | erence ell i eee ea ea mel 

were to do thisinthe Red Arrows it would make their flying role Marine Corps tactical jet pilot. 
the overall formation look very broken, which is a Soret ce De mere as Combat experience, usually in landing 
why we learn to follow voice commands from includes reports on operational flights on and taking off from aircraft carriers. 
the Team Leader). We aim to perfect formation 

| d = V1 | UV ~ a on | ar = 
ng Deore mt nef complex mienesn res ng Hours Flying Hours: 

After meeting the initial criteria, Blue Angel 
applicants, or ‘rushees’ as they're fondly PM ute ae A MINIMUM OF 


existing team do, attend team briefs and go to 
social engagements. Candidates are then JOURS 
whittled down, with the remaining potential 

pilots put forward for a daunting one versus 16 


referred to, shadow the current pilots for . | | 
numerous displays. They watch everything the : 


Sm dN(Cns[@10| oH ice =) (2 Oana) 
s Team Leade! Becoming ‘The Boss’ 


eee Mees tem ers els) a ae = The Chief of Naval Air Training selects the 


interview, where all current Blue Angel pilots 
and officers ask the candidate a question. 

After this, the current team sits down and 
decides which candidates will be joining the 
following year’s team. We spoke to LCDR Mark 
Tedrow, the lead solo pilot for the Blue Angels, 
who revealed how they train: “The Blue Angels 
are so unique and the flying we dois very 
different to anything you doin the military —it 
really does feel like learning to fly all over 
again,” he says. “Between the end of one season 
and the start of the next, weaim to accumulate 
120 training flights. We are usually flying 15 
times per week, which isa fairly gruelling 
schedule, but that means we can perform our 
manoeuvres practically from muscle memory.” 





‘Boss’, the Blue Angels commanding officer. 
The Boss must have at least 3,000 tactical 
jet flight-hours and have also commanded a 
f= [ogee Cede ers [a/ eel ee ee geri e etal e 
Officer flies the Number 1 jet and leads. all 
of the formations. 








Q39 


© OG own: Thinkstock: Corns 





MILITARY AIRCRAFT 


100 years of fighter 


1938 
Supermarine Spitfire 
The Supermarine Spitfire was 
used by the RAF and other Allied 
forces during WWII. It was designed as a 
short-range, high-performance interceptor 
aircraft, with a maximum speed of 595km/h 
(3/Omph). Originally fitted with eight 303 
Browning machine quns, it helped defend Britain's 
coastline during the Battle of Britain. 
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1989 
Harrier Il 
Introduced to active service in 
December 1989, the Harrier ll is an 
example of a vertical and/or 
short-takeoff and landing (V/STOL) 
jet aircraft, perfect for use on 
aircraft carriers. lt was frequently 
used in combat during missions in 
Kosovo, lrag and Afghanistan. 


1983 
F-117 Nighthawk 
The F-117 Nighthawk was equipped with 
pioneering stealth technology and was 
designed to have a minimal radar 
cross-section, making it very 
hard to detect by traditional 
monostatic radars. During 
its 25 years of service, 
only one was ever 

last in combat. 





From daring dogfights over World War |! 
France, to the computer-powered prowess 
2 of the modern era's jet fighters, the history 

Hi aseial warfare is nearly as old as flight itself. 

In1915, Dutch engineer Anton Fokker devised an 
interrupter gear, asimple mechanism that allowed 
a fixed machine gun to fire througha plane's 
running propeller blades. The first plane to use this 
was the Fokker Eindecker, which was so effective it 
began what the British Royal Flying Corps referred 
to as the ‘Fokker Scourge’. This sparked an 


FROM WWI TO 
MODERN DAY, 
INSIDE THE 
MOST ICONIC 
MILITARY 
AIRCRAFT 





























international race to create faster, more 
manoeuvrable and ever-more destructive aircraft. 
By the end of the Great War, the tactical 
advantages of maintaining air superiority were 
well established and by 1939 and the dawn of the 
Second World War, another leap in aerial combat 
was already dominating the skies. Capable of 
hitting speeds of over 500 kilometres (311 miles} per 
hour, the Messerschmitt Blio9 was over three 
times faster than the Eindecker. From its testing 
epround in the skies of the Spanish Civil War to the 





Meee Frenchman Adolphe Pégoud was named the 
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invasions of Poland and France, this powerful, 
lightweight and well-armed fighter seta new 
precedent for fighter planes. 

Aerial warfare was now recognised as the key 
to strategic success on the ground. Luckily, Allied 
machines, such as the Rolls Royce-powered 
Spitfire that was already inservice atthe 
outbreak of the war, were able to out-class their 
German rivals. In the final months of the war, 
however, the future of fighter aircraft had 
already taken to the skies. Though it came too 





late and in too small a number to turn the tide of 
the war for Hitler, the Messerschmitt Me 262 was 
the first-ever jet fighter, capable ofspeeds of 870 
kilometres (541 miles) per hour. 

Some of the last propeller-powered combat 
was seen inthe Korean War of 1950 to '53, before 
the world fully entered into the jet age. The skies 
of the Cold War became tensely patrolled by 
Soviet MiG-15s, American F-15 fighters and some 
of the fastest planes ever engineered. Then 
specialist vertical takeoff and landing (VTOL| 


— } weighing only 357kg (787 ib), it 
had a range of over 300km 
(186mi). lt was armed with only a 
single Vickers machine gun and 
has a fabric-covered, wooden 
framework. It was nicknamed the 
‘Pup’ as tt was smaller than the 
two-seat Sopwith 1.5 Strutter, 


1916 1949 


: wa Sopwith Pup F-86 Sabre 
om Equipped with a rotary engine and First used in 1949, the F-86 
ce Sabre was used by more than 


20 different nations prior to its 
eventual retirement in 19944, An 
example of a swept-wing, 
transonic jet fighter aircraft, it 
also featured a ‘flying tail’, 
which gave it superb 
manoeuvrability at altitude, 


2005 

Lockheed Martin 
F-22 Raptor 

The F-22 Raptor is the leading 
Stealth tactical fighter aircraft. 
lts F-119 engines are regarded 
as the most advanced ever 
produced. Pilots benefit from 
360-degree awareness when 
flying. Their ability to 
super-cruise at Mach 1.5 
without afterburners makes 
them particularly lethal. 





aircraft were developed for deployments on 
aircraft carriers, while secret stealth and 
surveillance technology was covertly advanced 
to wage the war in the shadows. 

In modern warfare the job of the fighter plane 
is stilla crucial element. The new generation of 
computer-assisted jets are capable of more roles 
and simultaneous operations than ever before; 
reducing the risk to the pilot, increasing the 
threat to the enemy and ensuring complete 
dominance of the skies. 
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Ever since the Messerschmitt Me 262, nicknamed 
the Swallow, first took flight in World War Il, the jet 
age has seen fighter-plane technology soar. One key 
ditference between the fighters of today and their 
ancestors is the need for flexibility. While 
warplanes were previously designed for specific 
tasks - suchas fighter bombers, escort, or 
reconnaissance — today’s aircraft are expected to 
perform a range of roles, even simultaneously. For 
example, the Eurofighter Typhoon carries over a 
dozen brackets under its fuselage. This enables it to 
carry any combination of air-to-air or ground-attack 
armament, or extra fuel pods for prolonged sorties, 
fulfilling the potential for every combat role. 

With machines becoming ever faster and 
weapons systems leaving little to no room for error, 
even the lightning reactions of the hardiest flying 
maverick would struggle to last five minutes of air 
combat —thatis, without the aid of computer 
technology. Though it goes without saying the role 
ofa pilot still demands incredible levels of skill, 
endurance, multitasking and quick reactions under 
pressure, the onboard computer is now an essential 
component of any fighter plane. 

The heads-up display (HUD), iconic from films 
suchas Top Gun, was among the most important 
electronic upgrades to the cockpits of fighter jets. 

It relays target tracking, sensor, navigation and 
other data direct to the pilot. The HUD computer 

is connected to all the external and internal sensors 
of the aircralt, so it’s able to collate, prioritise and 
even give guidance based on this data. This has 
enabled pilots to quickly engage various threats, 
enact countermeasures and even land safely, all 
while keeping two eyes firmly focused onthe 
danger zone, 

Though within the last few decades fighter 
technology has leapt several generations, in step 
with the growing capabilities of computers, the 
principles of assisting pilot operation have 
remained the same. For example, the Human 
Machine Interface (HMI) and Flight Control System 
(FCS) of the Eurofighter accommodates voice input/ 
output controls, Autopilot, Autothrottle and Flight 
Director Modes, all to assist handling. In addition, 
its latest generation of radar is able to identifyand 
prioritise threats. With all this, it’s no wonder 
fighter pilots still feel aspecial bond with these 
incredible machines. 
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How the new generations of military tech 
changed the face of aerial warfare 





Typhoon, 
nche 3 


Eurofighter 
The technology inside Europe’s £100 million 
fighter will take your breath away 





Reinforced windows ——« 
The cockpit windows are 
made from super-resistant 
transparent acrylic called 
Rohm 249, shaped to give 
the widest possible view for 
the pilot, 


Multifunction Information 
and Distribution System 
The internal computer system 
incorporates all the autonomous 
sub-systems, such as targeting and 
monitoring, and presents them to 
the pilot through multiple cockpit 
and helmet displays. - 


CAPTOR-E AESA Radar 
Active Electronically Scanned 
Array radar is capable of tracking 
multiple air and surface targets 
simultaneously, providing 
200-degree coverage and 
automatically locking on 

to potential targets. 


Future-proof electronics 
Fibre-optic data buses are built 
into the aircraft to ensure it will 
remain compatible with future 
generations of weapons systems. 


oles lime ler| 
This watchful eye 
doesn't miss a thing 
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Multi-role arsenal 
With 13 sockets available, the weapons carriage 
can be equipped to suit any single or multiple 
roles, The latest Typhoon will be capable of 
carrying the Storm Shadow cruise missile. | 
- ’ Twin engines 
Two EJ200 power plants 
combine to a total of 1BOkN 
(40,50 0b) of thrust, but 
aré lightweight enough ta 
ensure the aircraft can 
reach Mach 2.0. 


Stealth material 
Over 70 per cent of the Typhoon's 
airframe is made up of carbon- 
fibre composite material, making 
its surface deliberately unstable 
and less visible to radar. 


DECMU 

Each EJ200 is wired to a Digital 
Engine Control and Monitoring Unit 
(DECMU), which tell engineers the 
exact condition of the engine in 
order for them to extend its life 
span and apply enhancements. 


Towed decoy 
As a last resort, a 
decoy can be 
deployed by the 
plane's defence 
system as 
countermeasure to 
any hostile fire. 


Defensive sensors 

The Defensive Aids Sub-System 
(DASS) automatically monitors, 
orioritises and responds ta 
targets and threats from the 
outside world, both in the air 
and on the surface. 


Welle em uiesss eid ely 
Fully connected to all the weapons systems, 
the radar can establish and lock onto targets 
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Air-to-ground ability 
Some of the air-to-ground 
features include high- 
resolution maps, ground 
MALeh dN es ee me etoile eee el 
EAM e el aes mom esate ae 

High-res mapping ———— 

The E-Scan’s increased range 

~~ means pilots can conduct 

high-resolution synthetic-aperture 
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=Evolution of the fighter plane = 


How the old war dogs of the skies reached new heights in their time 


Almost as soon as we were able to fly, we have 
been inventing new ways to destroy one another G ru i} Ma ni F.14A Tomcat 


intheair.Aerialcombathascomealongwayfrom —_ eat with formidable claws - in the shape of 
aA 





Tail 
This twin tail gave the plane 
extra stability. The 
butterfly-shaped airbrake 
enabled it to land on 
aircraft carriers more easily. 





















pilots leaning out of their cockpits and taking sidewinder missiles and cutting-edge avionics 
pot shots at one another with pistols, - 

War may be hell, butithas also been | Le , 
the ideal breeding ground for rapid "¢ 
erowth inaviation technology. Certain | 
milestones stand out that have shaped 
the modern military craftwe know today; 
retractable landing gear, enclosed cockpits, 
internal weapons systems, jet engines, ejector 
seats, heads-up displays and more. 

Here, two landmark aircraft show off their 
innovative features, giving a sense of how 
they took new technology to battle. 





a 


Cockpit 
This housed the pilot, as 
well as the radar interceptor 
officer. To give the crew an 
optimal all-round view, the 
seating was raised higher 
than the rain body. 


42 ; ee : 
OS 20mm gun 

_ | A single MB61AI Vulcan 

20mm cannon was 

mounted internally in the 

front fuselage of the plane. 














Bombs .- 








— : . Over six tons of 

=m  Alr-to-air bombs could be 
i P | missiles carried on missions 
So) = The Tomeat could for ground attacks, 









er pack up to four 

- Sidewinder, six 
Sparrow and six 
Phoenix missiles 
for aérial combat. 


Multimode radar 
Located in the nose, the 
Hughes AWG-9 pulse 
Doppler radar was capable 
of tracking 24 targets at the 


Same time, while directing "] Multinational 
fire at six of them. Though they were develaped 
| — and built in the USA, most 
a a Tomeats still in service are 


f flown by the Islamic Republic 
hal of Iran Air Force. —_ 
os 
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TARPS 

Tomeats could also be 
fitted with a Tactical 
Airborne Reconnaissance 
Pod System, for monitoring 
enemy ground movement. 





Intelligent wings : 
These could be altered Engines 
automatically by up to 20 Two Pratt & Whitney 


TF30-P-4125 powered 
the Tomcat, pumping 
out 1S6KN (41,800Ibf). 


degrees, increasing the 
craft's aerodynamics at 
supersonic speeds, 





























































































































































































OT a, cre The SR-7e, successor to the Sk-71 Blockbird, is under develc opment inan ottempt to reach Macn & 


Messerschmitt Bf 109 SI 


antenna, connected to a 











This scourge of the skies dominated the FUG IGF radio. ker 
battles r early WWII Europe pilot in communication 
Cockpit with his fellow pilots, as 
Twin machine guns Unlike its successor well as his base, 
Two MG-17 7.9mm guns the 209, the 109's 
were mounted over the cockpit was found 


engine, each capable of much farther forward 


delivering over 1,000 of the aircraft. 
rounds per minute, 


——— Design 
Built to suit the largest 
possible engine with the 
smallest possible fuselage, 
Messerschmitts were easy 
to construct from just 
three basic components. 















Short range 
The 109 had a maximum range 
of around 1,000km (621mi), 
giving it reasonable flexibility 
to engage enemy fighters and 
attack medium-distance 
ground targets. 


“War has 
been the 
ideal breeding 
ground for 


Cannon 

A 30mm cannon could 
also be built into the 
nose, providing even 
more firepower. 






Wing weapons . 
Though original models weren't 
designed with wing armament in 


rapid growth 
Retractable wheels mind, twin machit 
Some Messerschmitt variants had built cite Glau wince in if] OVId tion 


retractable landing gears, which response to the heavily armed A I ‘ 
made them more aerecdynamic. British Spitfires. Cec I) O OG Wy 


With the increasing use of unmanned drones to target and 
monitor enemy positions and combatants, it has been 
suggested that traditional fighter jets could eventually lose 
any purpose in future warfare, In 2013 the Northrop Grumman 
X-47B prototype unmanned aircraft was the first of its kind to 
perform a carrier-launch and recovery, signalling a possible 
future of unmanned strike-bDomber aircraft. Boeing’s OF-16s5 - 
retired F-16 jets modified to be controlled remotely - are now 
regularly used for aerial target training. While these pilotless 
jets are used as real-life targets to test missile systems, they 
demonstrate just how accurate remote flight is becoming. 

Both government and industry leaders have admitted that 
future military aircraft will have to be more closely integrated 
with artificial intelligence, even with suggestions that manned 
jets may work alongside pilotless craft. Studies by the Defense 
Advanced Research Projects Agency (DARPA) have revealed 
that drones operate more effectively in packs, prompting 
further research into how drones could work with one another, 
rather than rely solely on human controllers in combat 
scenarios. Even before the fifth generation of fighter jets 
become widely available, including the F-35 Lightning II and 
Shenyang J-31, world governments are already looking at 
cost-effective, as well as cutting-edge solutions for the sixth 
generation of military aeronautics. 
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Why is the A-10 Thunderbolt fighter jet still in use today and just 


as popular as it was four decades ago when it first took off? 


) The A-0 Thunderbolt is a single-seat, 
close-air support fighter jet that also 
~ goes by the names Warthog and 
Tankbuster. Development for the aircraft began 
in 1967 and its first light was ini972. There are 
several reasons why the 4-10 has proved 
popular enough to weather 40-plus years of 
advancing military tech - chief among them 

its combat versatility and high survival rate. 

The A-10 boasts a short takeoff and landing 
capacity with a range of nearly 1,300 kilometres 
(G00 miles). Commonly used for troop support 
and ground attacks, it can loiter for long periods 
at low speeds and altitudes below 300 metres 
(985 feet) and it’s capable of soaking up as much 
damage as it can dish out. Indeed, the A-10 can 
take direct hits from armour-piercing and 
explosive shells, has multiple redundancies for 
its flight systems and, most incredibly, itcan 
return to base on one engine, one tail stabiliser, 
one elevator and even having lost halfa wing! 
Asaresult, it's well known among US Air Force 
pilots for its ‘get home’ effectiveness. 

Modern A-10s have been upgraded from the 
original 1972 blueprint, of course. Navigation 
and targeting systems have been dramatically 
improved. Pilots | 








si\mg-)}Se cannow wear 
WoO wy Might-vision 
gogeles for low- 
ee light ops, plus a 
A-10s in service host of electronic 
1 Balkans 
2 Florida, USA countermeasures 
3 Afghanistan and smart-bomb 
4 lraq ee ae 
§ Libya capacity have 


6 South Korea been installed. 



















Fuel tanks 
The Warthog’s four main 
| | A fuel tanks are self- 
We've pulled apart the Warthog to see fire-retardant foam. 
what makes it such a hardy aircraft 
Canopy ———————— Cockpit 
Both tha windscreen Contains targeting and 
and the transparent navigation controls for the pilot, 
bubble canopy are including a heads-up display and ip 
secure radio communications. a 


resistant to small 
arms fire, 












Landing gear 
Landing gear is hinged es, 
at the rear so that if the 

hydraulic system fails, 
wind resistance and 
gravity will fully open 
and lock them in place. 


Main cannon 

The General Dynamics 
Avenger 30mm (1.2in) 
cannon can fire standard, 
incendiary or even 
depleted-uranium rounds. 


THE lo.3m 23,000kg (Ole) anya 





Sale 1,260kg 4,200/min MWA] OT aa 


DYER | 


Engines 

Two TF3-4-GE-100, 
non-atterburning, twin 
turbofans provide 4,l11kg 
(9,065|b) of thrust each. 


Tail 

The engines are mounted 
here to reduce heat 
signature (for evading 
heat-seeking missiles) 












and to enable the plane 
to fly on just one engine. 


= = a. : ‘ 
Built for defence 
The A-10 is robust enough to sustain heavy 
damage during combat and remain capable of 
flying away, where other aircraft would be 
compromised. It's exceptionally well-armoured 
around the cockpit, where the pilot is vulnerable, 
Sensitive parts of the flight control system, 
along with the pilot, are shielded by a ‘tub’ of 
titanium armour: 544 kilograms (1,200 pounds) 
of this super-hard metal is layered in plates up ta 
3.8 centimetres (1.5 inches) thick around the 
cockpit, based on the likely trajectories of 
incoming projectiles. It can withstand fire from 
similar cannons to its own main weapon, as well 
as large-calibre rounds. A nylon spall shield also 
protects the pilot from shrapnel and round 
fragmentation, while the transparent canopy 
(which can't afford the same level of protection) 
can still resist ballistics from small arms. 


On the offensive 


The 4-10 can carry nearly half its weight again in 
armaments and their associated systems, with 


an external load of up to 7,260 kilograms (16,005 






Wing pounds). It's equipped with 11 pylons along which 
As part of a service life laser weapon guidance and support systems can 
extension programme, be attached, plus ordnance. It's capable of 

242 new A-10 wing sets carrying a range of cluster and 227-kilogram 
have been produced to (500-pound) general-purpose bombs, Hydra 
extend the Warthog’s rockets, plus up to ten Maverick air-to-ground 


operation until 2040, missiles weighing 304 kilograms (6/0 pounds) 
apiece, The latter can destroy a tank ina single 
hit - however, at a cost of up to £105,000 
($160,000) a pop, a cavalier attitude with the 
Mavericks is not tolerated. The main weapon is 
the Avenger 30-millimetre (L2-ineh) cannon 
mounted under the nose of the 4-10, with a top 


AGM-65 Maverick 


These air-to-ground missiles a fire rate of 4,200 rounds a minute and an 
have been around as long as effective range of over 6.5 kilometres (four 
the 4-10. They're equipped miles). The cannon can easily disable a main 
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with either contact or battle tank in the hands of a competent pilot. 
delayed-action fuses. | 
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Rolls-Royce 

Vee-12 engine 
The Spittire utilised two variant of y 
Rolls-Royce engine during its MF toe 
production life span, the 27-litre a ; 
Merlinand the 36.7-litre Griffon. 
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Arguably the most iconic fighter 
aircraft of World War II, the 
RAF Spitfire to this day is 
championed for its prowess, 
grace and versatility 


Propeller 

Original Spitfires 

had wooden propellers, these 
were later replaced with 
Variable-pitch propellers, and 
more blades were added as 
horsepower increased. 


Airframe 
Theaircraft’s airframe was an 
amalgamation ofa streamlined 
semi-single piece af aluminium 
alloywith an enclosed cockpit, 
allowing increased responsiveness 
and ease of flight. 

: Gun-emplacement 
The original armament of 
the Spitfire comprised of 
eight ao09-inch Browning 
machine guns, each with 3oo0 
rounds ofammunition. 








Mblelatrcie Gee ares, tip eorstir tors ye 





Fully enclosed cockpit -\——————+=— 
The benefits ofafullyenclosed =| | Be 
cockpitwere numerable, most 
notably thouch itimproved 
the Spittire’s aerodynamics. 






Elliptical wing 
The elliptical wing of the Spitfire 
isadetining design characteristic, 
functional to the extreme and 
aesthetically pleasing to the eye. 


“ey Designed inthe technologically 

fervent and innovatory melting pot of 

= World War Il, the Supermarine Spitfire 
became the fighter plane of the times. With its 
simple lines, elegant frame and superb 
aerodynamics, the Spitfire was to live oninthe 
mincs of generations during the war and for 
many decades to come, 

The Supermarine Spittire was the brainchild 
of aeronautical engineer Reginald Mitchell, 
who led a dedicated and talented team of 
designers. Originally planned asa short-range 
air-defence fighter, the Spitfire was built for 
speed and agility, traits that itwasto need in 


Undercarriage 
The Spitfire’s the explosive dogfights it was to partake in as it 
undercarriage was met enemy fightersand bombers. Buildinga 
fully retractable, a fighter plane, though, is more complex than 
paiement eee listing desirable traits however, and the 
not commonplace Serer cae hy Cs priate. oy 
fe cartier alnersft Spitfire’s construction isa balleticseries of 


compromises between weight, aerodynamics 
and firepower. 

The frame ofa Spitfire with its elliptical 
wings is one ofits most defining characteristics, 
casting a distinctive silhouette against the sky. 
The ellipse shaping was used to minimise drag 
while having the necessary thickness to 
accommodate the retracted undercarriages 
and the guns required for self defence. Asimple 
compromise that had the resulting benefit of 
having an incredibly individual shape. In 
contrast, the airframe —which was influenced 
by exciting new advances in all metal, 
low-wing plane construction —-wasa complex 
and well-balanced amalgamation ofa 
streamlined semi-single piece ofaluminium 
alloy anda fully enclosed cockpit. This allowed 
unrivalled responsiveness and ease of flight, 
making the Spitire a favourite for pilots. 
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Inside the Spitfire 


What made this aircroft so spectacular? 








Fuselage 

The fuselage of the 
Spitfire was 
constructed from 
toughened aluminium 
alloy, composing 

of 19 individual frames. 


Arguably, the other most defining and 
success-inducing element of the Spithire was its 
engine, which took on the form of the Rolls- 
Royce Merlin and Griffon engines. Planned bya 
board of directors at Rolls-Royce who realised 
that their current Vee-12 engine was topping 
out at 7oohp and that a more powerful variant 
would be needed, first the Merlin and later the 
Griffon engines were designed. The Merlin at 
first delivered 7qohp, short of the 1,000hp goal 
set inits design brief, however this wasto 
increase to o7shp ina few years. The Griffon 
then built upon the success of the Merlin, 
delivering at the climax of itsadvancementa 
whopping 2,035hp. These engines were to 
prove tantamount to the airframe and wing 
designsin the dominance of the Spitfire. 

Despite its origins lying in short-range home 
defence, the Spitfire was to prove so versatile 
and successful thatit was quickly adapted fora 
wide variety of military purposes. Many 
variants were created, including designs 
tailored for reconnaissance, bombing runs, 
high-altitude interception and general 
fighter-bomber operations. The most notable 
derivative, however, was the multi-variant 
Seafire, specially designed for operation on 
aircraft carriers with the added ability to 
double-fold its wings for ease of storage. 

Considering the place in history that the 
spittire holds —a fighter-bomber aircraft that 
bridged the gap between the age ofthe 
propeller engine to that of the jet -the fact that 
they are still collected (withan average cost of 
£1.4 million) and flown today is unsurprising. 
The Spitfire is a timeless piece of engineering 
that shows some of the most creative and 
advanced efforts in military history. 
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Famed for its prowess and entrenched in Lancaster bombers 


dropped 609,000 tons 


popular culture by The Dam Busters film of toms | 
1955, the Lancaster bomber played a vital role =) 
in securing an Allied victory in World War II 


Arguably one of the most famous 
heavy bombers of World War Il, the 

) Avro-built Lancaster bomber 
undertook some of the most dangerous and 
complex missions yet encountered by the RAF. 
Primarily a night bomber but frequently used 
during the day too, the Lancasters under 
Bomber Command flew some 156,000 sorties 
during the war, dropping 609,000 tons olf 
bombs. Among these bombs was the famous 
‘bouncing bomb’ designed by British inventor 
Barnes Wallis, a payload that would lead the 
Lancaster to remain famed long after1945. We 
take a look inside a Avro Lancaster to see what 
madeitso successful. 
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Crew 
Due to its large size, hefty armament and technical complexity, the Lancaster bomber 
had a crew of seven. This included: a pilot, flight engineer, navigator, bomb aimer, 
wireless operator, mid-upper and rear punners, Many crew members from Lancasters 
were awarded the Victoria Cross for their heroic actions in battle, a notable example oo 
being the two awarded aftera daring daytime raid on Augsburg, Germany. ——————————_-2=—_—- 








- Bomb bay 


The bomb hay could canya great 
payload. Indeed, the baywassa 
spacious that witha little modification it 
coule house the massive Grand Slam 
“earthquake” bomb, a10,000k 2 giant 
| ee WA ees ean he that when released would reach near 
Turrets — ! = . ee ee et ee sonicspeeds belore penetrating deep 
Asstandard the Lancaster bomber was — nn a ee | a into the Earth and exploding. 
fitted with three twin 7.7mm turrets in the 
nose, rearand upper-middle fuselage. In some 
later variants of the Lancaster the twin 7.7mm 
machine guns were replaced with12.7mm models, 
which delivered more power. The rear and upper- 


Fuselage — 
The Lancaster was designed out of the earlier Avro Type 683 
Manchester [Tl] bomber, which sported a three-finned tail layout and 
wassimilarin construction. While the overall build remained similar 
middle turrets were stathed permanently by dedicated the tri-lin was removed in favour ofa twin-finned set up instead. This 
gunners, while the nose turret wasstatfed periodically by = is famously one of only asmall number of design alterations made to 
the bombaimerwhen caughtupina dogtight. | the bomber, which was deemed to be just right after its test flights. 


052 


Over 7,000 bombers. 
were bulit 

















Crew: 7 
Length: 218m 
Wingspan: 31.09 
Height: 5.9m 
Weight: 29,000kg ) 


Powerplant: 4 x Rolls-Royce 
Merkin 2% vi? engines 

Max speed: 280rnph 

Nlax range: 3.00 rules 
Max altitude: &,160m 
Armament: 3 x 7 fmm 
Browning machine guns: bom 
load oF 6, 300kg 


High calibre 
While 7.7mm machine quns 
Pi peepee eee geo og 


bombers, selective later 
variants were fitted with twin 
PR pete ge | lea 
file got Pte late 
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’ Lancaster bombers often 
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the: meorurreerial 1OO0O0 
kilogram Grand Slam 
age eS a ele ae 


sca) 
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MS TR ei eta 
Operation Chastise, a mission 
to destroy German dams in at a 
Ruhr Valley, the inspiration for 
NR i eee pete io ee 


Powerplant 

The Lancaster bomber was 
powered by four Rolls-Royce 
Merlin Via engines, These 
were chosen by the 
Lancaster's chief designer 
Roy Chadwick due to their 
reliability, as the incumbent 
bomber=the Avro 
Manchester = had adopted 
the Rolls-Royce Vulture and 
had been troubled by 
engine failure consistently 
wheninservice. — 
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Ele ees 
The lager company Carling 
used footage of Lancaster 
bombers to create a parody of 
The Darn Busters in which a 
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‘The Sea Harrier squadron 
ochieved this due to their 


MILITARY AIRCRAFT high manoeuvrability 
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=» Thrust vectoring 


To achieve VTOL capabilities, 
















Before being retiredin 2006, [gS —— 
the Sea Harrierdominated [RRR Sates tiene 


yvectoring nozzles, which could 
rotate through o8.5 degrees 


the subsonic jet fighter field, 
changing the dynamics 
and operation of the strike 
fighter role forever 


from vertically downwards 


S| a to horizontal. 
i. ill 


The British Aerospace Sea Harrier was the purpose-built 


naval variant of the Hawker Siddeley Harrier strike 
2 fighter, an aircraft famed forits vertical take-offand 


landing (VTOL) and short take-off and vertical landing (STOVL) 
capabilities. Itworked by adopting the revolutionary single- 
engine thrust vectoring technology of the regular harrier (see 
‘Degrees of power’ boxout)and partnering it witha modified 
fuselage -to allow the installation of the superb Blue Fox radar 
system — bubble-style canopy (larger, allowing greater visibility) 
anda significantly improved arms load out, Protection 

These factors, partnered with the aircraft carrier's ability to Due to the testing marine operating 
launch the aircraft from its ski-jump, allowed the Sea Harrier to conditions, parts of the Sea Harrier 
perform to a highstandard atsea, carrying more weight, detecting ere changed to use corrosion-resistant 
enemies sooner and taking them down quickly and efficiently. alloys or protective coatings. 
This was demonstrated most vividly during the Falklands Waroaf 
1982, when 28 Sea Hartiers operating off British aircraft carriers 
shot down 20 Argentine aircraft in air-to-air combat without 
suffering a single loss. The Sea Harrier squadron achieved this due 
to their high manoeuvrability and tactics while in dogfights -for 
example, braking/changing direction fast by vectoring their 
thrust nozzles while in forward flight-as wellas their pilots’ 
superior training and early-warning/detection systems. 





Second-generation Sea Harrlers 
on board an aircraft carrierin 
the PersianGulf —_— 





ul Two Indian Navy Sea Harriers fly alongside 
a US Navy F/A-8F Super Hornet 


elfen Post-colonial Invincible ie Forgetful 

























ee a ea) The only other international Lie eee ig OU peeetaree eee age | eta | el =| = The second-generation Sea 
| bsorvice for a total of 28 years, NM el F confirmed 25 operational Harries, the FA2, featured OU Ro em 
: eee eee ls gel is actually India, who use launched off the invincible class pregame gee le ee eg Cees Be 
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Td a was Introduced in April 1993. to-air missiles. VTOL/STOL carrer. Rte ee ms ee élr-to-abr mlssile, 
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Powerplant Crew - 
The Sea Harrier was fitted The first-peneration Sea Harrier PRS | 
with the Rolls-Royce and second-generation FAa were both 
Pegasus 11 turbofan, an single-seat fighters. However, the Ta 
engine capable of producing and T6o varieties were builtwith two : 
9.750 kilograms of force. This seats as they were used for land-based 
delivered a massive amount pilot conversion training. ° 


of power, which while not 
taking the jet to supersonic 
speeds did allow it to liftoff 
vertically, spreading the 
output over multiple outlets 
positioned over the aircraft, —, 


teed 


— Electronics 
Equipped according to peneration by 
the Ferranti Blue Fox or Blue Vixen 
radars respectively, the Sea Harrier 
carried at the time some ol the most 
advanced military radar systemsin 
the world, [tis suggested by military 
historians that the Blue Fox radar was 
one of the key reasons why the Sea 
Harrier performed so successfully in Crew: | 
the Falklands War. Length: 142m 
Wingspan: 4rn 
Height: 3.7 1m 








Same Harriers were fitted with *., sl Max take-off weight: 
the AlM-120 AMRAAM missile ~ 3 11,900kq 
- > 
— | x. Powerplant: 1 Rolls-Royce 
J f i Pagasus turbofan (21 500tbT) 


Nilax speed: 725rion 
Combat radius: | OOOkm 





Max range: 3,600km 
Nax service ceiling: 
16,000rm 
Guns: 2 = 30mm ADEN cannon 
pods (100 rounds per cannon) 
, Rockets: 
. - Armament T? SNEB 68mm rackets 
Asastrike fighter the Sea Harrier was equipped with 
a broad arsenal, ranging from conventional, 
unguided iron bombs —- including WE.177 nuclear 
options - to rockets and laser-guided missilessuchas 
the AIM-9 Sidewinder. The second generation FA 
was famously equipped with deadly AIM-120 
AMARAAM air-to-air, fire and forget missiles. 





Missiles: AlM-9 Sideyinder, 
Alhl-lLAO AMRAAM, R550 Maaic, 
ALARM anti-radiation missite, 
Wartel missie, Sea Cagle 
anti-ship missile 

Coast: $18 malian 


| i fi 
The Sea Harrier’s vectoring 9 ~. rR 


nozzle inaft position Se 


Giving the Sea Harrier lift off eens 














The real showpiece and reason for the to drift backwards. All nozzles were 
lengthy success ofthe Sea Harrierwasits moved byaseriesofshaftsand chain 


utilisation of the Harrier’s revolutionary drives, which insured that they operated : 
Pegasus engine partnered with thrust in unison [crucial for maintaining 5 
vectoring nozzles, These nozzles could stability)and the angle and thrust was 3 
be rotated by the pilot througha 9.5 determined in-cockpit by the pilot. 5 
degree arc, from the conventional aft This flexibility of control and z 
(horizontal) positioning as standard on placement meant that the Sea Harrier 5 
aircraft, to straight down, allowing it to was highly manoeuvrable while inthe F 
take off and land vertically as well as airand could be landed and launched 3 
hover, to forward, allowing the Harrier from almost anywhere, 5 
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Inside a Huey 


























Inside a Hu 


Take a look at one of the most versatile and 





ris a ee Tesco ae : | : ys mr AT Troop transport - 
Hu : era had space for just six soldiers 
| Sceeasaenseeanan — Lee te er erie inthe main hold, UH-B 
) Among the most iconic vehicles of American Cockpit . theirown door gunner; a uparades featured an 
| ah operations in Vietnam was the multi-functional Arelatively small single soldier positioned extended fuselage with room 
} Bell UH-1 roquois helicopter, better knownasa cockpit not only kept ee ofthe craftto for up to 15 Gls. 
Huey. With a flexible design, the Huey helicopter was the Hueys lightweight, Seneeepeneare Suppor. 
butalso allowed more 


constantly adapted as a rapid troop transport, medevac, 
supply transport, as well as a gunship. In Vietnam, the 
American forces were able to strike deep into enemy 
territory using Hueys, which had an effective range of up to 
510 kilometres (317 miles). Parachute drops were hardly ever 
used during the entire war, mainly due to the hazards of 
dropping men over thick jungle. Helicopters, on the other 
hand, were able to deploy units more precisely in 
designated clearings. 

At the Battle of la Drang (1965), Hueys were used todrop 
US troops within Viet Cong territory, but due to the sheer 
number of soldiers required for the operation, the 
transports had to make multiple trips between the landing 
zone and their base, Once the fight began, many of the 
vehicles then turned to re-supply and evacuation missions 
as casualties mounted and ammunition ran low. The 
versatility of the Huey’s simple fuselage, its wide doors and 
large flat base, proved ideal for housing either injured 
troops or crates of supplies. 

However, many Hueys had little to no armament, making 
them ideal targets for Viet Cong fighters. Over 1,000 were lost 
during the war, either through accident or enemy attacks, 
though many of the craft also came armed. Door gunners 
equipped with either carbines or mounted medium 
machine guns were often positioned in the hold, poised ta 
defend the Huey or provide fire support for troops below. 
Later versions of the Huey also came loaded with 3o-calibre 
machine gunsand even rocket pods, with which they could 
assault enemies on the ground. 

During its lifetime, more than 16,000 Bell UH-1 models 
were produced, with 7,000 seeing active service between 
1955-1976. Many are still used today by military and civilian 
organisations worldwide. 
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“Over 1,000 were lost in 
the war, either through 


j=J.\=amN accidents or enemy attacks” 















room for passengers 
and cargo. 








Landing skids 
The Huey had twin skids under its 
fuselage, each fixed in two places, " 
making itideal for takeoff and | 
landing on difficult surfaces. — —_. 





Here a UH-1D is pictured during 
the Battle of la Drangin 1965 
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DO VEURRIO The medevoc version UHV, could corry six stretchers and one member of medical stoff 










































Rotor blades - 
The Huey's twin rotor 

blades stretched14.6m 
[qoft} across. 












Turboshaft engine 
Versions of the Lycoming 
Turboshaft engine provided the 
different incarnations of the UH-1 
series, with some capable of up to 
1,400 shatt horsepower. 











Slick design 

When unarmed, the 
helicopters were incredibly 
streamlined and able to fly in 
very close formation, earning 
them the nickname ‘slicks’. 


Flexible armament 
Though many Hueys were 
flown without weaponry, 
some were fitted with 
30-calibre machine guns 
or rocket pods, 
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Sporting one of the most notable post-war 


aircrait designs, the de Havilland Sea Vixen 
was a fearsome all-weather jet fighter, capable 
of taking its pilots supersonic and delivering a 
titanic amount of next-generation firepower 





) The first British fighter to be fitted 
de purely with missiles, rockets and 
af) bDombs—-ratherthanthe heavy calibre 


machine guns relied uponin WWiland WWII - 
the Sea Vixen wasa first generation jet fighter 
employed by the Fleet Air Arm of the Royal Navy. 
ltwas famed for its ability to pass the sound 
barrier, going supersonic when inashallow dive 
(hitting a top speed of b90mph) and saw action in 
multiple missions in the Middle East and Africa 
during the Sixties and Seventies, 

Designed to be deployed from aircraft carriers 
as anall-weather fighter and high-speed 
reconnaissance jet, the 5ea Vixen worked by 
partnering the reinforced twin-boorm tail layout 
as seen onits predecessors the Sea Vampire and 
sea Venom, with the colossal power generated by 
twin Rolls-Royce Avon 208 turbojet engines, each 
capable of delivering 7,500lb of thrust. This gave 
the Vixen massive speed, a range of 600 miles - 
the twin-boom layout allowed for more fuel tanks 
-anda flexibility to engage targets at sea, on land 
and inthe air, as well as conduct lengthy patrols. 

The armament of the Sea Vixen was 
revolutionary for the time. With six hardpoints 
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jareas thatweapons can be mounted on) capable 
of being fitted witha selection of Firestreak 
air-to-air missiles, which sported annular blast 
fragmentation warheads, SNEB rocket pods with 
68 unguided explosive-tipped rockets each, and 
whopping 500-pound air-to-ground bombs. 
Detection of targets was also state-of-the-art, the 
Sea Vixen was fitted with the GEC AL18 Air 
Interception radar, which pave the jet great 
strategic vision even at night orin particularly 
poor visibility conditions. 

In 2015, only one working Sea Vixen now 
survives in the entire world, which is maintained 
by Naval Aviation Ltd and operated from 
Yeovilton, Great Britain. After being declassiied 
asa military aircraftand entered onto the civil 
register (changing its tag from XPo24 toG-CVIX), 
the aircraft was used foratimeasanadvertising 
vehicle for Red Bull but has recently been 
repainted with its original Fleet 
Air Arm 899 NAS coloursand now 
flies regularly as part 
of demonstrations and 
air showsacross the 
United Kingdom. 


The Red Bull plane repainted 
inits original livery 





‘It was famed for its ability to 
pass the sound barrier, goin 
Supersonic Ina shallow dive’ 



































a 
i 


Chassis ——————_ — 
The Sea Vixen built upon the chassis 
used inthe early de Havillaned Sea 
Vampire, and featured an all-metal 
constructionand swept wings. 








The pilot's canopy is offset *\ 
to the left-hand side of the 

chassis, while the 
observer is housed to the 
right completely 
ensconced within the 
fuselape, only capable of 
Bainingaccessthrougha 
flush-fitting top hatch. 


Si cats Seer cig a isa a Vintage 





@ On 6 September 1952, a One of the crew killed at the » a ee | The Sea Vinen was produced De Havilland Aviation is a 
ail : prototype Sea Vixen eee eb eee a ee ete Peau ee tt 
5 ee eT ts #]ec eM ise eel eee aa ea = are Rese is gnu eg ae eee mn Ue eee Reels eid ele aL 
, eee eee en I Te ee Ree Gb eT ee Hawker Siddeley aerospace eo er eae et eee 
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The Sea Vixen could reach | : r——— Twin-boom see ae 
speeds of up ta 6gomph : ; — Another similarity shared 

with the Sea Vampire was 
the Sea Vixen's twin boom 
tail layout, which aided 
strength and rigidity when 
travellingatsub-sonicand 
near sub-sonicspeeds. 








Crew: 2 

Length: 16.9rm 

Wingspar: 15.5m 

Empty weight: 12 680ko 
Loaded weight: 1S.850ks 
Powerplant: 2 = Rolls-Royce 
Aseor hak. 205 turbojets 

Nilax speed: 6o°Ornph 
Range: /S0rmi 

Service ceiling: 14,630m 
Armament: 4 « Matra rocket 
pods with 16 SNEB 6&rom 
rockets each, 4x -Red Top 
air-to-air missles, 2x 22 7kg 
Borns 


Powerplant 

[twas powered by two 
Rolls-Royce Avon 208 turbojet 
engines, each capable ol 
producing 7,500 pounds of 
thrust. This massive power 
allowed the jet toga 
supersonic inashallow dive, 











ASea Vixen with Red 
Bulladvertising 


“Armament 
The Vixen had six hardpoints upon 
which it could carry a combination 

of Matra rocket pods with 18 SNEB 






— bdmim rockets each, Firestreak ts . 

‘e! —_— air-to-air missilesand 227ke ' o 
4 — a a a - : i uli j 5 i . 
—E— high-explosivebombs. [iia bes ieee ae 
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Arecord breaker and for 


over 40 years — can 


anything beat the Lynx? 


) The Westland Lynx forms the backbone 
| of the British Army and Navy helicopter 

. ") forces. Entering military service in1979, 
it had already set world speed records during 
testing. Introduced as a utility helicopter in 1971, 
the Lynx is a twin gas turbine-powered, two-pilot 
aircraft, with advanced control systems, a 
four-blade, semi-rigid rotor and, thanks to the 
fundamental stability and unrivalled agility of the 
basic airframe, it has performed in almost every 
role imaginable. 

From troop transport, armed escort and 
anti-tank warfare with the Army Air Corps, to 
anti-submarine warfare and maritime attack with 
the Fleet Air Arm, and in many similar roles across 
the globe, the Lynx is used by the militaries of over 
a dozen countries worldwide. 

This helicopter is used as an airborne command 
post, a fire support platform, as well as for search 
and rescue, casualty evacuation, plus many 
specialist roles including anti-pirate and border 
patral. The British Army and Navy also have 
display teams that use the exceptional agility of 
the Lynx to amaze the crowds at air shows, 

Since its first flight, over four decades ago, the 
Lynx has been continually upgraded and 
developed, ensuring it’s always at the forefront of 
technology, as demonstrated by the most current 
variant, the Super Lynx. Army models kept the 
traditional landing ‘skids’ until only recently, when 
they adopted the tricycle-wheeled undercarriage 
used by the Navy toaid ground handling. 

Improvements in navigation, communication 
and radar systems in Navy derivatives have 
ensured that British helicopter capability at sea is 
world leading, while Army versions have similarly 
demonstrated their ability to evolve with the 
changing requirements of modern warfare. 

The latest variants are excelling onthe 
battlefield, using state-of-the-art weapons and 
tactics including night-vision-assisted operations. 
The next generation of Lynx (the Wildcat) is 
currently undergoing flight testing on land and sea, 
ensuring many years of continued service. 
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“Since the first flight the 
Lynx has been continual! 
=)e2).\=5—8 Upgraded and developed 














Central hub - $$$ — 
Asingle-piece titanium forging, the 

central hub tales all loads imposed by 

flight, as the blades rotate around it. 









Engines 
Two Rolls-Royce Gem 41-1 turboshafts 

producing 636kW (,120shp) each spin the 
main rotor through a shared eearbox. 







Pilots in control — 
The two pilots male use of 
the three-axes stabilisation 
system to gain asolid 
weapon launch platform. 








Wheels — 
Unlike other Army Lynx versions, 
the AH.9 hasa Navy-style tricycle 
undercarriage to help with 
eround handling. 


Lynx AH.9 
teardown 


The AH.9 variant of the 
nx is used exclusively by 

the British Army, primarily 

os o utility vehicle 


tee ee 
Westland Lynx AH.g 
Length: 15.2m (Sot 
Rotor diameter: 17.6m (421t) 
Height: 2.2rn (12.4fD 
Dise area: 128. /m? (S85) 
Empty weight: 
3,29tkg (7,.2551b) 
Max takeoff weight: 
5 230k CLP S01b) 
Powerplant: 2 x Rolls-Royce 
Ger] turboshaft SS5kW 
(1 0sho) each 
Max speed: 324km/h(20imph) 


Range: 528km (328mi) 
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| 
__— BERP blade tips 
The enlarged tips of the BERP 
blades increase lift and smooth 
transonic turbulence as the tips 
approach the speed of sound. 


BERP blades 

The advanced composite British 
Experimental Rotor Programme 
[BERP) blades provide huge 
performance and speed pains 
over conventional helicopters, 










- Low-heat exhaust 

The exhaust diffusers mix the hot 
pases exiting the engines with colder 
ambient alr, reducing the infra-red 
signature of the aircraft. 
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- All aboard 


The rear crew compartment can 
accommodate ten hilly equipped 
troops, cargo, specialist systems 
and/or extra fuel tanks. 



































- Weaponry 
This Lynx variant commonly carries 
762mm (o.3in) General Purpose 
Machine Guns ora Browning AN/M3M 
.50-calibre heavy machine gun. 


Record breaker 
Fastest chopper in the west... and the rest 


In 1972, just one year after its introduction, the Westland Lynx became the world’s 
fastest helicopter when airframe XX153 set a new world speed record over 15-kilometre 
(93-mile) and 25-kcilometre (15.5-mile) straight courses by flying at an average 321.7 
kilometres (199.9 miles) per hour, In1978 a heavily modified Russian Mil Mi-24 ‘Hind’ 
increased this to 368.4 kilometres (228.9 miles) per hour. With Westland under 
political and commercial pressure, it was decided that an attempt would be made to 
reclaim the record. Westland re-registered Lynx airframe ZB500 as G-LYNX, and began 
a programme of extensive modification. More powerful Rolls-Royce Gem 60 gas 
turbines were fitted, along with a water-methanol injection system, but the biggest 
performance contribution came from the British Experimental Rotor Programme 
(BERP).0n 8 August 1986, these advanced rotor blades carried G-LYNX pilot Trevor 
Egginton and his flight engineer Derek Clews to the world record speed of 400.9 
ldlometres (249.1 miles) per hour, which still stands to this day. 





The Lynx Mark 3sheres mary of the Same 
features as the record-holding G-LYNX, such aay 
BERF blades and Rolls-Royce Gemengingss mo 
As ie tse! 
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MILITARY 





WESTLAND 
LYNX AH.9 

The Lynx is the smallest 
and lightest aircraft of the 
three in this roundup, 
which allows it to operate 
from small ships. The Lynx 
can carry more troops and 
is far more agile than its 
larger counterparts, but 
has less power so cannot 
carry as high a payload or 
as many weapons, 


The Seahawk has a huge 
range advantage over its 
competitors — almost 
twice that of the Hind. 
The common parts it 
shares with the other 
aircraft in the Blackhawk 
family make maintenance 
and repair highly cost 
effective, However, it 
cannot operate from 
small ship decks, and is 
not particularly agile. 








MIL Mi-24 
HIND 


The Hind is heavily 
armoured, heavily armed, 
extremely fast and very 
powerful. lt is not used by 
the Navy die to its limited 
range, and its size means it 
is not very agile. Despite 


the variety of fearsome 

Weapons that it can carry 

on its hardpoints, the Hind = 
has often lacked a reliable 
anti-anmour capability. s 
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The battlefield has changed. Now, more 
than ever before, the theatre of war isin 

wy flux, rebuilding itself minute-by-minute, 
breaking down the conventional barriers of 
peography, geometry and time. Weapons systems 
are co-evolving along with defence systems ata 
ferocious rate, fuelled by the continued, perpetual 
rage of a segregated planet. The relationship 
between organic and inorganic matter is becoming 
fused, co-dependent and augmented, in order to 
eenerate the versatility demanded when fighting in 
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the 21st Century. Fluidity and reaction speed is now 
paramount, forifyou have the inability to engage 
immediately on a globalscale, the parameters shift 
and the chance dissipates, 

Strategic bombers are positioned at the leading 
edge of this technological and logistical war, built to 
offer the range, payload, durability and speed to 
engage a hostile target quickly and efficiently, no 
matter their location or levels of defence. Installed 
with the most cutting-edge technology and weapons 


systems available these machines excel in 





USA 


delivering their human operator near-omnipresent 
power, They include missiles that can transcend the 
speed of sound three times over, bombs thatare 
euided by invisible, omnipresent satellite links to 
their targets, and nuclear warheads over ten times 
the power of that which despoiled Hiroshima. 
Stratepic bombers are also capable of remaining 
airborne for days, protected by theirinsane speed 
and large weapons basket (the range inwhich they 
can launch weapons at a target without themselves 
being engaged). 
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How It Works explains the different types of 
technology that bombers use to hit their targets 
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Russian pilots train to fly the 
Tu-160 in a Tu-22M aircraft, 
When they qualify, they can 
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Laser-quided 

Laser-guided systems rely on targets to be 
‘itup’ witha Laser Target Designator|(LTD| 
system. Usually ground-based, they involve a 
laser designator being pointed at target. The 
missile's infrared seeking unit locates the 
designation andacd|usts its trajectory, 


Gravity guided 
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Bombs are dropped freefall, relying on gravity and aircralt 
co-ordinates to strike. Due totheir relative inaccuracy, 
eravity-2uided bombs tend to be released in clusters to 
maximise the chance ofa successfulstrike. Dependent on 
aircraft speed and altitude, these bombs can befitted with 
Various tails and retarders to speed up/slow down fall time. 





_AB-1Btaking offat the Royal International AirTattoo. Note 
the firing General Electric Frm-GE-102 augmented turbolans 





The two current foremost examples of 
these bombers are the US B-1B Lancer 
and the Russian Tupolev Tu-160. These 
were designed concurrently to be 
machines that could, on demand, travel 
long distances quickly, slip under 
early-warning radar and engage military 
targets with smart munitions - bombs 
that could be launched from hundreds or 
thousands of miles out and puided to 
their target by internal inertial 
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navigation units and auxiliary 
information delivery systems. These 
strategic bombers, packing gravity, laser 
and GPS-euided munitions (see ‘Tech of 
the trade’ boxout) render anti-aircraft 
oun placements useless, and avoid 
surface-to-air missiles by flying at 
altitudes northwards of 60,000 feet. 
The B-1B Lancer is built arounda 
blended wing body configuration, with 
variable-sweep wings, four turbofan 
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Hardpoints: : 
9(6 external, 3 internal) | 


engines and triangular fin control a een 
composite surfaces. Its wings can be specification, can be guider 
varied by the pilot between 15 to 67.5 sph oat ge aan ae nc 
degrees, with the former being used sna. masept ner hein 
fortakeoffand landing as wellas 
high-altitude cruising, and the latter he the 
being used for high subsonicand acking 

supersonic flight. Stability is ensured —a sie teal ih a =i thhe 
problem due to its large size and epee uh ras anche 
weight - by triangular fin control canards 
located by the B-1's nose. These are 
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Strategic bombers 


“The Tupolev Tu-160 is larger 
ond heavier than the B-1 



































controlled by the Lancer's Structural Mode Control 
system (SMCS), which automatically rotates the 
canards to counteract turbulence. In addition, to aid 
the minimisation ofits radar cross section (RCS), the 
B-1is installed with serpentine air intake ducts and 
fixed intake ramps. These, while limiting its top 
speedm deflect and shield radar emissions from the 
highly reflective engine compressor blades. This 
technology, in partnership with the use of radar- 
absorbent material in its airframe and skin, grant 
the B-1a RCS 1/soth of that of the equally massive 
B-52 Stratofortress. 

The Tupoley Tu-160, in-contrast, is largerand 
heavierthan the B-1, however it shares many of the 
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same features and design choices. First, the aircraft 
sports a blended wing profile with sweep-enabled 
wings that can beswept by the pilot between 20 and 
65 degrees. [tis also powered by four Kuznetsov 
NK-321 afterburning turbofan engines, the most 
powerful array fitted to any combat aircraft. These, 
in partnership with variable air intakes, grantita B-1 
topping max speed of Mach 2.05 (1,380mph}, 
although its radar signature is larger asaresult. Due 
toits largersize, the 160 also has a greater weapons 
load capacity than the B-1, with twin internal rotary 
launchers capable of holding and launching 
4o,oooke of munitions. Inaddition, nuclear and 
conventional armaments can be carried isee the 


‘Weapons of war-Tu-160' boxout) dependent on 
mission parameters. Finally, as with the B-1, the 
Tu-160 is fitted with a probe and drogue in-flight 
refuelling system, allowing it to remain airborne for 
extensive periods. 

Both of these aircraft have demonstrated their 
awesome ability since their introduction to the skies, 
with numerous sorties undertaken and many 
notable records broken. Most recently the USAF 
deployed a series of B-1s as part of Operation 
Odyssey Dawn, the international military operation 
in Libya, to prevent Muammar Gaddafi’s forces from 
bombing rebel forces, striking a multitude of 
undisclosed military targets. 


ATu-160is exhibited to se 
erp uaer Bae ie eee m sp yaa 
Seeder Eby 


The world’s largest variable-sweep 
aircraft, the Tu-160 is a supersonic 
strategic missile carrier like no other 
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In terms of electronics, the Houtilisesa 
Obzor-K attack radar ina cielectric 
radome, a Sopka terrain-following 
radar and electro-optical bombsight. 


















. Munitions 
«The Tu-160 can carry 40,000 
. kilograms of munitions, with twe 
rotary launchers capable of stowing 
_ conventional ar nuchear missiles. 
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The Tu-i60 has the heaviest 
‘| take-olfwelght ofany combataircrall 









Engines 
The four Kuznetsov NK-231 
engines of the 160 are 
ferocious, delivering 
21,940 kilograms of thrust 
each in maximum 
afterburnerconfiguration. 
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Cockpit 









geometry wings, with 









blended wing profile. 
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Vladimir Putin above sits 
Inthe cockpit ofa Tu-160 
The Tu-160 is operated byacrew | 
of four, witha pilot, co-pilot, 
weapons systems operatorand 
defensive systems operatoron 
board each sortie, 
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Length: 54 [Om (lf rft) 
Wingspan: 55.70m (189fti 
Height: 13.10m (43ft) 
Loaded weight: 26/.500kg 


Powerplant: 4 « Sarnare 
NK-321 turbotans 


Max speed: Mach 2.05 
(1, 380rmph/2.220kmbh) 


Range: 17. 300km (7.6413 miles) 
Max altitude: 15.000m 


The Tu-160 features variable 





sween selectable from 20 to 


65 deprees. Italso employsa 
ey Hardpoints: 4 
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Fleet size must 
be 175 aircraft 
exceed $50 billion | 





Must use off-the-shelf va : . 





ABoeing-produced render ofa potential design for 
the 2016 Bomber. Note its stealth-orientated shape 
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two Lond Rovers to fit inside it 
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mf he modern 

attack helicopter is 

the complete military machine. 
Cutting through the air with titanium blades, 
loaded up with missiles and a cockpit full of 
advanced technology; they are true terrors of the 
sky. Atank’s worst nightmare, the rise of attack 
helicopters has revolutionised the battlefield. 

The idea of rotary wing military aircraft was 
first toyed with during the early years of World 
War ll but it wasn’t until 1942 that they reached 
prominence. That year the US War Department 
proposed a new idea. It was called ‘organic Army 
aviation’ and, separate from the Air Corps, it was 
tasked with developing helicopters. Various new 
designs, including the revolutionary Sikorsky 
R-4, were created but it took until the Korean 
War for helicopters to really take off. Infantry 
and cargo could now be ferried in and out of 
battle rapidly and invasion forces could engage 
the enemy much more effectively from the air. 
Helicopters were integral to US operations in the 
rough terrain of Korea and by the time of the 
Vietnam War, the iconic Bell UH-1 Iroquois was 
used extensively. The ‘Huey’ ushered ina new 
era of air cavalry, as helicopter weaponry 
became more sophisticated. 

Military helicopters were also designed to 
serve ina purely offensive capacity and the 
attack helicopter was born. Many new gunships 
were constructed as the Cold War escalated. 
These included the American Piasecki H-21 and 
Bell AH-1 Cobra and the Russian Mil Mi-24. In 
1986, the Boeing AH-64 Apache emerged asa 
template that other armed forces tried to 
replicate, and helped bring an end tothe 
dominance of tanks on the battlefield. As more 
breeds of attack helicopter took to the skies, it 
became clear that these versatile vehicles could 
assist the military in many ways. This led to the 
advent of dual and multi-role helicopters. 

Inrecent years, attack helicopters have been 
equipped with ever more advanced systems that 
have improved efficiency, aerodynamics and 
performance. The array of tech on offer is truly 
astonishing, but there is still room for further 
progress. Join us as we examine what's on offer 
for the future of the world’s best attack choppers. “™ 
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supply transport. 





Maritime 





“Many new 
gunships were 
constructed 
as the 
Cold Wor 
escalated” 
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The V-280 Valor will atternpt to make attack 
helicopters faster and stranger than ever before 
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Attack 

Commonly known as gunships, 
| attack helicopters come armed 

with a multitude of rockets, 

missiles and chain guns. The 

AH-64 Apache specialises in 

disabling tanks. 





Supplies and troops can be 
quickly whisked in and out of 
War zones. A popular design is 
the CH-4/ Chinook which has a 
primary role in heavy troop and 





Multi-role 
State-of-the-art navigation 
and communication systems 
allow helicopters to assist 

: almost any mission. Their 
roles range from observation 
to search and rescue. 


Maritime helicopters 
provide invaluable aerial 
support out at sea. The 
Sikorsky SH-60 Seahawk 
takes off from aircraft 
carriers and frigates and 
can take down submarines 
with its MK 54 torpedoes. 
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Scout 

Helicopters like the 
Aerospatiale Gazelle are 
used to investigate unknown 
terrain. They are sent ahead 

| of the front line to inspect 
what lies in wait for the 
ground forces. 
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The all-action attack gunship that isa 
key player in modern aerial warfare 





Mast-mounted sight 
Aheavy-hitting, relentless attack dog, the highly accurate GPS systems, and electronic CCE 
Airbus Helicopters Tigerhasboththearmament countermeasures. Itspecialises in anti-tank acts as a forward looking 
and performance capabilities to dominate the missions but the Tiger's flexibility means that infrared (FLIR) camera and 
battlefield. During the Cold War, itwas it can handle a variety of roles. The image iaiiniiet* iin 
developed in order to respond to any potential below is ofan HAD combat helicopter but 
attacks on Western Europe by the USSR. The other models include the UHT multi-role fire 





























subsequent collapse of the Soviet Union meant support, ARH Armed Reconnaissance and 
it never saw active battle service in that era, but © HAP combatsupport. It hasbeen deployed 
France and Germany continued to work onthe in battle in Afghanistan, Libya and Maliand 
helicopter regardless. Today, the Tiger is fully is currently in service for France, Germany, 


equipped with innovative stealth technology, Spain and Australia. 

Blades ————— Target tracking 

Made from a fibre-composite The roof-mounted sight features a 
construction, the four rotor eA camera, thermal imaging and a laser 
blades are both light and durable. 7 tracker, and is stabilised by gyroscopes 


for a steady aim during flight. 


Firing systems 

The gunner has a choice of ge 

acquiring targets through manual _ 

sight or automatic tracking. oe 





A modern 
attack 
helicopter 


The Tiger boasts some 
incredible technology that 
strikes fear into its adversaries 





Interface ———— 
Both the pilot and aft-seated 
qunoner have a pair of LCD 
displays that provide sensor 
data and are used to interact 
With the Tiger's systems. 


The Tiger's flat and narrow 
silhouette makes it less 
vulnerable on the battlefield 










Advanced cockpit ——————— 


“The fuel tanks The pilot is assisted by an 


a 7 rp : ; | a 
automatic flight control system ' Cockpit 


Ore Sel f- SeC0 [ | Mg ie ne nlcthe as re The Tiger's tancem cockpit 
| . bere pete ee allows the pilot and the aft-seat 

CJ [) d eX D los i O lr adverse weather conditions. gunner to switch roles if needed, 

7 FF as both have access to the flight 

SUDDI CSS/ Ve controls and weapon systems. 
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AH-6¢ 
APACHE ; 
LONGBOW 


Aniconic gunship that’s still 
a capable attack chopper 


The AH-64D Apache Longbow gunship is arquably the most famous 
multi-mission attack helicopter of the modern age. Over the past 19 
| years of service, it has proven itself both combat-ready and reliable 
| iInnumerous theatres of conflict. 

The AH-64D was upgraded in 2006 to include increased 
digitisation, a joint tactical radio system, enhanced engines and drive 
systems, the capability to control UAVs (unmanned aerial vehicles) 
- which were used extensively in the Iraq and Afghanistan wars - 
along with improved lancing gear. Currently, the Apache AH-64D 
Longbow is operated by the US, Eqypt, Greece, Israel, Japan, Kuwait, 
the Netherlands, China, Singapore and the United Arab Emirates, 
with many other countries operating alder Apache variants. 





















Power 

The Tiger is powered by two S60kW turboshaft 

engines, The fuel tanks are self-sealing and 

explosion suppressive when exposed to enemy 
qe fire or in the event of a crash. 






























a 1. T700-GE-7O1C engines 5. Cockpit 
_— 7 The turboshaft engines allow the With room for two, the Apache's 
Fuselage ~ =f AH-64D Longbow to reach a cockpit allows excellent battlefield 
Kevlar, carbon laminates and cruise speed of 284km/h. visibility with wide viewing angles. 
Nomex make up 80 per cent of 
the airframe, and radar reflective 2. Automatic cannon 6. Composite rotor 
surfaces are kept to a minimum. The 30mm automatic cannon is blades 
capable of firing large, highly A composite four-blade main rotor 
incendiary rounds. allows for increased payload, 


climb rate and cruise speed over 
3. Hellfire missiles earlier variants. 
These laser-quided missiles are 
effective at taking down enemy t. Fuselage 
armour and structures, Designed for manoeuvrability and 
stealth, the fuselage is painted in 
4. Explosive rockets camouflaged colours. 
Fast firing 7Omm rockets allow 
the Apache to support ground 8. Radar dome 
troops in any assault on enemy This system enables target 
soldiers, strongholds or vehicles. detection from behind obstacles. 






Mistral missiles 
With a 3kg warhead and 
a 6km range, the Tiger 
can cause significant 
air-to-air damage over 
long distances. 












Weaponry 

The Tiger can be fitted 

with different combinations 
of weapons depending on 
the variant, suitable for 
both air-to-ground and 
air-to-air combat. 
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Blue Edge 
technology 
fe five Bluecopter blades 
crease noise pollution 
‘without affecting 
performance. 


The Bluecopter 


Introducing Airbus’ eco-efficient 
demonstrator - a game-changer that 
could make choppers more stealthy 


Rudder 
The T-tail stabilises the 
vehicle, decreasing the 


Reduced emissions 
CO. emissions and fuel 
consumption are decreased 
by up to 40 and 10 per 
cent respectively, 


lue Pulse tech 


Me, tendency for the nose 


to rise up. 
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Tail rotor 
The Fenestron is a tail 
rotor housed in an 
Insulated duct to reduce 
drag and noise, 
o fT 
wh 
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Aft-body concept 

The design of the back of the 

helicopter helps make it 
WALelOsee ee sD enon 


Active flap rotor control 
reduces the interference of 
the blades with each other, 

reducing noise levels. 
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Skids 
A specially made fairing on 
the skids lowers the 
[er tee see eee cee 





ee tech can help make ate) (6 a Pre lot qu eae 


One ofa military helicopter’s biggest strengths is 
its manoeuvrability. Being able to take off and 
land in difficult terrain, move in any direction 
EPO ee -smsate cet par eUte-epelae-lepte)Mmb ro ati BED 
battle. However, this advantage comes ata price 
and the sound of the rotor blades spinning 
almost negates any chance olastealthy 
approach. Helicopter blades are noisy because of 
blade-vortex interaction (BVI). Each blade 
Relecitsc toe (URE) ela eR Ger Lm atE abe: PEOUO LID ecaO)| 
MUSOU Taam oes bd akes ete Pree Pee Newel ee Temi Cey iy 
around the blades as they turnanda 
concentrated vortex (a whirling mass of air 
similar toa whirlwing) is formed. As each 

TON GAT M OE eleeMUEROO Neel Tae G OTR El ated © 
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resulting in the classic chopper sound. It has 
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technologies are being implementedinan 
SLGE=SNd eM ee ware) e eee 

Airbus’ Bluecopter has a new style of rotor 
blade that utilises Blue Edge technology. The 
innovative double-swept design reduces noise 
by four decibels by reducing the surface area of 
the blade that impacts on the vortex. Thisis 
complemented by Blue Pulse technology, which 
incorporates three flap modulesinto every 
blade. Directed by a flap rotor control that uses 
tiny electric motors powered by crystals, they 
move at up to 40 times a second, lessening the 
BV las less pressure is created. This decreases 
the level of noise generated, as well as giving the 
aU Celms Rei tee]a ell ma elem Vie ens esl Senile belmacis it CMe nlg| 
in cabin vibrations. 


Another method the Bluecopter rep b hs bara a8) 
make it both greener and stealthierisa 
adi GQ0 OPM MOT reste Ws bet O bom ee TUB ROLNel ers ns ems Ht (eur 
the mechanism to have more blades, which adds 
more thrust, while reducing drag and vibration. 
On the Bluecopter, stealth technology is used in 
conjunction with aerodynamic landing skid 
fairings and a T-tail stabilising rudder to 
increase efficiency and decrease emissions. 


“The innovative 
afa/E) = B-\VV(—Je) 8 HOG 
reduces noise = 

to four decibels © 
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HELICOPTER MISSIONS 


Powerful, agile and resilient, the Tiger is the 
chopper of choice in many situations 


Ground fire support 
Infantry and armoured divisions on 
the ground can rely on the Tiger to 
provide backup. The 30mm gun is 

incredibly accurate and can fire at a 

maximum distance of 2,000m. 





Armed reconnaissance 
Day and night identification sensors 
make the Tiger a highly competent 
reconnaissance unit that can weave 

through tough terrain and also 
engage the enemy if it needs to. 


ert 


We spoke to Marius Bebesel, programme manager at 
Airbus to explain more about the Bluecopter 


What sort of helicopter is the Blucopter? 
Based onan H135, the Bluecopter technology 


demonstrator is alight, twin-engine helicopter. 


Itis a flying technology test bed, on which 
Airbus Helicopters is able to trial next- 
HSIN E LOOM TMOG et aeU RCM ETN TON (era cH Gat: mesh 
be applied across Airbus Helicopters’ product 
line. The Blucopter is a unique, one-of-a-kind, 
Coc] as eae 


OPC LeU mae CIR Petit gay 
efficient is it? 

MWetsMeliPsmejeledm DI er WOES Malad Kh) Sit cece Le 
test performance and fuel management 


czpmgUele)UeenC=-Mi pele OleGt ste Term ECON elemental g 
STOEL eMO OEMS SCSRO MAN =a TOR aera ph eel eben ET 
SE ROleCRGt Meat bici) Bec ledea tM ct emcee acy mm eat 
ccgHUEM GLOOM NUMANCCSMMOIDEOOAOTS]NLONO Pm Ute) PO)UST MRE 
achieve a 40 per cent CO, emissions reduction. 
The demonstrator features several design 
betcrcE1P MoU Re s01 (Mom OM oes toca Te Meer: BUD COM OD Cs Fas) 
the helicopter. This includes fairings forthe 
main rotor hub and the landing skids, anda 


newly developed low drag aft-body concept. 

The eco-friendly approach is extended even 
to the attractive paint scheme of the helicopter, 
which makes use of the latest water-based 
paint technologies. 


Amphibious operations 
The Tiger HAD is also a worthy 
adversary at sea. It was desiqned to 

be able to land on aircraft and its low 
maintenance requirements mean it 
can stay out at sea for long periods. 





Aerial combat 
The twin attack power of a 30mm 
turreted gun and Mistral missiles are 
more than a match for any other 
helicopter, Also on board are 32 chaff 
and flare cartridges, 


Operations in Afghanistan, Libya and 
Mali allowed the Tiger to display its 
prowess a5 an escort chopper, It can 
easily eliminate threats and quide 
others to safety. 


Anti-tank warfare 
The range of powerful anti-tank 
missiles at the Tiger's disposal make 
it the ideal gunship, It can take out 
tanks froma Safe distance, firing 
from up to 8,000m away. 


Do you have plans for any electric 
tb taey ey ety 

Airbus Helicopters is researching lower 
emissions technology with its compound 

Usa ptee) a] esa pC) Ge Paa PaO M Aste ht asm Geltiyey eairye) g 
Engine (using an advanced diesel engine 
instead of a turbine for light helicopters). 

WPA PEE}COINIOM OEMs STM EO R OIA Me) (Site pean 
research electric flight. Itis thought that by 2030 
passenger aircraft below 100 seats could be 
propelled by hybrid propulsion systems. 








PUK Ure Ga hes slalom ee nie eee ae WRAP E el cib pe eat 




















V-280 Valor 
The innovative new Bell and Lockheed 
,, Martin design that boasts unrivalled 





speed Etangan payload ca 






* Tilt-rotor 

ae =the counter-rotating dual 
| propellers enable great 

manoeuvrability. 







Rotor downwash 
Decreased downwash from the 
rotor blades makes rope hoist 

operations easier and safer. 


MILITARY HELICO} 
THE NEXT GENERATION 


What does the future have in store for a new class of supercopter? 


While the Boeing AH-64 Apache and the 
Sikorsky UH-60 Black Hawk are still capable 
gunships, even more advanced updates are on 
the horizon. Both companies are at the forefront 
of future helicopter design and are aiming to 
develop choppers that will boast twice the speed 
and twice the range of the current crop. The two 
aviation giants are currently joining forces to 
create the SB=1 Defiant while Bell and Lockheed 
has its own rival projectin the shape of the V-280 
Valor. Both ventures are demonstrator aircraft 
and will act as trial runs to potential future 
helicopter designs under the Future Vertical Lift 
(FVL) project. They will take to the skies for 


O72 


Sensor technology 
Enhanced sttuational awareness 
systems ensure bombing during 
missions is incredibly precise. 


ae em | 







VTOL technology = 
The advanced tilt-rotor 

technology will allow for vertical 
lift-oaffs from almost any terrain. 
















Speed and 


The large armoured 
oop an oe The top speed will be 
See eee over 500km/h with a 


) combat range of 
nearly L500km. 



























The innoyative eerie etal ents faa 
mare mes edema) eg 
higher speeds than standard choppers 





testing as part of the US Army's Joint Multi-Role 
programme in early 2017. FVLincludes five 
all-new helicopters that will replace the current 
designs with a new breed of attack copter. As 
well as having first-class combat capabilities, the 
new helicopters will embrace semi-autonomous 
technology and be flexible enough to serve in 


‘The new helicopters 

will embrace semi- 
gutonomous 
technology ° 


TERS: 















urban security, disaster relief and medical 
evacuation. Each of the aircraft will use a new 
active system that will advise the crew on when 
components in the cockpit need to be replaced, 
while also giving as much assistance as possible 
to the pilot. Compatibility with other vehicles 
will be at the forefront of the new choppers’ 
design. They will be capable of landing on ships 
and being stored on cargo planes. These 
ultra-advanced helicopters are set to bein 
production by 2030 and will serve the US Army, 
Navy, Air Force and Marine Corps. 

As well as attack helicopters, the classic 
Chinook design will also be getting an overhaul. 



















SB>1 Defiant 


Sikorsky and Boeing's joint venture could help 
change the face of helicopter technology 


Full of fuel 

The large fuel tanks 
have been designed to 
“ hold enough to fuel a 
Coaxial rotors powerful future engine. 
The double counter- 
rotating rotors are 
immensely powerful yet 
agile enough to land on 


aircraft carriers. 
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Pusher propeller 
The pusher propeller 
will allow top speeds of 
over 450km/h even in 
adverse weather 
eonditions. 
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The Block Il Chinook programme will see 





Boeing's iconic twin rotor vehicles undergo a | Tre l) a 
modernisation project. They will still utilise the | a | | 
same basic design but will be kitted out with an a8 hein ee Nee iia 
assortment of modern technology. All the ie, Be ie ng innovative technolog 
projects are a fascinating glimpse into the future ar ae el aan 8 cap bus Boat 2 
and will build on the already cutting-edge ) seas) ce 
technology used in today’s helicopters. While 3 ire 
drones continue their vital role on the frontline This adve lee deci il 
of aerial combat, the attack helicopter will once osha tas Peete sercara anaes 
again dominate the skies with more advanced 3,000 metres even in the most challenginc 
engineering and weaponry than ever before. oleae sani isomer din Sek sy 
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The Raider's cockpit can fit two pilots and 
the cabin will have space for six soldiers 
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Commercial drones 
How drones and unmanned 
aerial vehicles (UAVs) will 
change your life 


How to build a plane 
How many people and 
hours does it take to builda 
passenger jet? 


Hot air balloons 

How do air balloons take off 
and land safely using the 
power of physics? 


The Lineage 100 jet 
Flyin the most luxurious 


hotel in the sky for only afew 


million dollars 
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Largest passenger jet 
Developing the largest and 
most expensive passenger 
plane in the world 


Solar-powered aircraft 
Take a close look at the flying 
machines that are fuelled only 
bythe Sun 


On board a cargo plane 
Pinpointing what an aircraft 
needs to get the job of carrying 
cargo done 


Boeing 787 Dreamliner 

This new commercial jetliner 
boasts next-gen features that 
showcase the future of flying 
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Gliders 

Find out what it is that keeps 
these incredibly advanced 
gliders in the air 

Inside a blimp 

These graceful forms of 
transport are kept afloat by 
gas-filled ballonets 


How next-generation 
airships work 

Climb aboard these ultra-light 
giants for a journey into the 
future of flight 


Hypersonic flight 

Take a look inside the planes 
that will smash the supersonic 
speed records 


PTY sty : | 


——" DrimeAir - 


a + | 
a): i 


} 7 
— » a 
a 













This drone can stream 
f2O0p video footage 
straight to your phone. 


The Parrot 2,0's 
processing unit is a GHz, 
32-bit AB processor. 
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The operator can 


The lightweight 
expanded polypropylene be Sk (Sri) away 
body helps the UXS from the UXS and 


still control it, 






weigh just 2.5kg (5.51). 





The Matternet drone can 


The Draganflyer %6 can carry up to 2kg (4Ib) of 


carry one of several | medical supplies between iF it iS Bben out of the | The Pha ntom 2 
different imaging devices, around stations remote control's range, Vision+ is capable of 
including a thermal . a this drone automatically shooting 1O80p HD 
Imaging camera, returns home, video at 30fps. 
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The first drone 
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Drones offer a whole new 


perspective on video 


recording and photography 
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Drones are being used in air forces by Dr James both deep into the 

around the world, but the future is MacFarlane at the testing stage of 

looking much more varied for the University of Bristol delivery drones, You 
remote controlled aircraft. There is a fast- could put an end to may remember the end 
growing industry of autonomous flightthatcan that. This particular of 2013 when Amazon 
both help and entertain the world, from craftisa hexacopter claimed drones would 
rescuing people at sea to recording awe- witha gamma 4 4 be delivering small 


inspiring aerial videos, 

Disaster relief, for example, is a major area 
where drones can makean incredible 
difference. They can fly over the scene of an 
earthquake, nuclear meltdown or bomb site 
and capture high-resolution pictures or video 
to help the team on the ground organisea 
rescue or clean-up mission. Drones such as the 
Trimble UX5 could be of enormous benefit as 
the 2.4-gigahertz modems in the craft and the 
tablet can communicate over a distance of five 
kilometres (3.1 miles), enabling mapping to 
take place with the pilot nowhere near 
potentially dangerous rubble and aftershocks. 

When the Fukushima nuclear power plant 
malfunctioned in March 2011, clean-ups and 
analysis of the radiation was limited due to the 
health risks posed to helicopter pilots. 

Drones such as the Advanced Airborne 
Radiation Monitoring (AARM) system designed 
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spectrometer attached, 

which measures the amount 

of radiation being emitted from a 
chosen site, This can be done withouta 

human anywhere near the area, so information 
can be received much more quickly and safely. 

One of the most exciting commercial 
applications of drones is aerial photography 
and videoing. In the past, shooting any kind of 
media from the air required the hire of cranes 
or helicopters. Now, however, drone-mounted 
cameras can be bought for as little as £50 (S80), 
enabling amateur photographers and film- 
makers to capture amazing high-definition 
footage for a fraction of the cost. 

Although drones might seem the futuristic 
domain of governments, the military and 
serious enthusiasts, there are a number of 
extremely practical day-to-day applications 
they can be used for. Amazon and DHLare 








packages within five years. 

Currently the use of drones 
for commercial purposes is 

banned in the United States, but 
Amazon has petitioned the Federal Aviation 
Authority (FAA) to relax their rules to allow 
small drones to carry payloads of 2.3 kilograms 
(five pounds) to customers. This weight, they 
say, Makes up 86 per cent of their deliveries 
and would take big, bulky and dangerous 
delivery vehicles off the road. DHL has already 
flown test missions from the German mainland 
to the island of Juist, offits northern coastline. 
Commercial drones are a far cry from their 

headline-grabbing military cousins, but they 
are every bit as exciting, packed with 
fascinating technology and the ability to 
perform tasks that makes our lives, and the 
world, a little bit safer and a whole lot 
more fun. 


The AARM won its inventor, 
Dr James MacFarlane, the 
2014 ERA Foundation 
Entrepreneurs Award 
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Discover the innovative drones designed to rescue those in need 


The agility and efficiency of these incredible 
machines often means they are better equipped 
than humans or other vehicles for humanitarian 
tasks . From transporting aid to spotting 
someone in need, there is a variety of potentially 
life-saving drone aircraft projects that are 
currently in development. 

One such initiative is the LifeLine Response 
app, a personal panic button that will summon 
a drone if you are in distress. If you are 
concerned about your safety, you can simply 
load the app and keep your thumb pressed on 
the screen or set a timer. If you get into trouble, 
you can release your thumb or fail to deactivate 
the timer, and the police will be called anda 
drone deployed to your location using GPS. 


High-intensity LED lights aid 
navigation in the dark and 
can be remotely controlled 
by the operator. 


Draganflyer X6 
The main components of a 
life-saving drone 


The lithium polymer battery 
can keep the drone in the air 
for approximately 20-25 
minutes between charges, 
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The quick-release payload 
system makes it easy to 
swap over cameras or other 
equipment in a hurry. 


OS 


The idea is that the drone, which can travel at 
97 kilometres (60 miles) per hour, will be able to 
scare off an attacker by sounding an alarm, 
follow them if they flee the scene, and collect 
information from the area before the police 
arrive. It is hoped the system could be used in 
cities across the world, with dozens of drones 
stationed at each law-enforcement 
headquarters waiting to spring into action. 

Another concept, developed by Dutch 
engineering student Alec Momont, involves 
‘ambulance drones’ quickly delivering 
defibrillators to heart-attack victims. The 
drone would be able to transport the 
equipment within minutes, and then the 
operator can use two-way video supported 




















The carbon fibre propellers help the 
drone climb to a maximum altitude of 
2,438m (8,000) at 2m,/s (6.5ft,"s), 


communication to instruct a nearby helper to 
use it. 

While some life-saving drones are stilla 
work in progress, others are already being put 
to work. For example, Draganiflyer drones are 
being used to provide a unique high-resolution 
view of disaster zones and crash sites to help 
teams on the ground locate victims, organise 
rescue missions and document the scene. 

Draganflyer makes several different models 
of drone suited to both hobbyist and 
professional applications. These come witha 
choice of camera, including a GoPro and 
thermal-imaging camera, and are flown using 
a handheld controller, but you will need some 
training in order to operate one. 


11 different on-board sensors 
constantly monitor the 
altitude of the aircraft and 
send data to the controller. 
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The carbon-fibre airframe can 
be folded down to just 16cm 
(6.25in) wide when not in use. 





Each boom contains two quiet 
yet powerTul brushless motors 
that control the propellers and 
create just 72db of sound. 


LIFEGUARD DR° NE 


Getting help tothoseintroubleout above the waterand be guided by 





at sea is especially difficult and GPS, Pars can also carry and drop 
slow, particularly in adverse life preservers to where they are 
weather conditions. Iranian needed. Although itis not able to 
company RTS Lab hopes drones pull people to safety, it can provide 
can solve this, as itis currently initial aid before the lifeguard 
developing a new lifeguard robot arrives and monitor the situation 


called Pars. Afterhearingaboutthe by recording photos and video, A 
huge numberofpeoplethatdrown prototype has already been tested, 
in the Caspian Sea each year, RTS and was able to reach a target 75 
Lab decided to create a multirotor metres (2.46 feet) out to sea in just 22 
drone that could help save human seconds, while a human lifeguard 
lives. As Well as being able to fly took over a minute. 
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DELIVERING AID 


In many developing countries, rural roads 
become inaccessible during the rainy 
season, making it very difficult to transport 
much-needed medicine to those in need. 
Matternet - a network for transporting 
matter - aims to provide the solution. The 
plan involves autonomous drones, carrying 
up to two kilograms (4.4 pounds) of medical 
supplies, flying between several ground 
stations. These stations would allow the 
drones to collect or drop off their payload as 
well as swap batteries so they can keep 
flying for longer. The drones will use GPS 





and other sensors to navigate and an . : | The Matternet system has 
operating system would make sure they 10 "aan already been tested in Haiti, 
avoid adverse weather conditions and do | Maxdistance | Dominican Republic, Bhutan 


© Dneently, ATS dens: 


nat collide with each other. ial charge and Papua New Guinea 
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The drones offering film-makers a 
whole new perspective 


Drones such as the Parrot AR and 
the Dj] Phantom 2 Vision+ have 
added athrilling new dimension 
to personal photography and 
filmmaking. These clever gadgets 
are becoming more and more 
affordable for amateurs looking to 
capture Hollywood-style footage 
from unique angles. A Parrot AR, 
Drone, for example, will only set 
you back around £320 (5300) and 
has a built-in camera that can 
shoot 720-pixel high-definition 
video. lt generates its own Wi-Fi 
hotspot so you can control it from 
up to 50 metres (165 feet) away via 
an app on your smartphone or 
tablet. The app also shows a live 
stream of the video being captured 
and lets you change its direction by 
simple tilting your device. It can 
even perform impressive flips in 
mid-air, and you can program 
automatic movements to compose 
your film like a professional 
director. If you do happen to crash 
the drone while filming a daring 
action sequence, then you can 
have a goat repairing it yourselfas 
all of the parts and instructions are 
available online. Due tothe 
relatively recent advancement of 
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commercial drone technology, 
many countries are still 
developing laws regarding their 
use in public spaces. In the United 
States, the Federal Aviation 
Administration currently limits 
drones to be flown below12a 
metres (400 feet), away from 
airports and air traffic, and within 
sight of the operator. 

Using drones ina professional 
capacity requires a certificate of 
approval from the FAA, but it has 
recently granted six movie and 
television production companies 
permission to use drones on their 
sets. Some big blockbusters, such 
as Skyfall and the Harry Potter 
movies, have already been shot 
using unmanned drones for aerial 
footage, but filming took place in 
countries where this was allowed. 

We are already seeing more and 
more drone-shot sequences on the 
big screen. Not only is this great 
news for us cinemagoers, as we 
will be treated to more creative 
camera angles, but it will also save 
the production companies a lot of 
money on helicopter and crane 
bills as they try to get above the 
action while filming. 








Battery 

The drone is powered by 
4a 1,000m<Ah 11.14 lithium 
polymer battery. It only 
lasts 12 minutes, taking 
910 to charge. 


AR.Drone 
teardown 


The incredible Parrot AR. 
Drone 2.0, bit by bit 
















Motors 

When accelerating, the 
motors that turn the 
propellers rotate at 
41,400rpm, dropping to 
26,000rpm when hovering 
in place, 





Propellers 

The propellers won a 
design competition run 
by the French Army. 
They can spin either 
clockwise or anti- 
clockwise depending 
on their position, 





LONGEST DRONE FLIGHT 


The solar-powered Zephyr drone developed by UK firm QinetiQ 


flew for 14 days and 22 minutes in 2010, breaking the world 
record for the longest drone flight. 





VIDEO STREAMING 








EVERYDAY FUN 
















Hull 
The hull is attached to the 
body by a pair of magnets. 
This protects the electronics. 


Central cross * 
Made fram rigid yet 
lightweight carbon fibre, 
the central cross contains 
wires that control and 

provide power to the 
four motors. 








The HD camera shoots 
30fps at 720p, 
streaming it directly to 
your mobile phone. 


Camera AFFORDABILITY 


Ultrasound altimeter 
The ultrasound altimeter judges 





Gyroscope how high it is by the time it 
The Invensense IDG 500 takes ultrasound waves to 
gyroscope is an advanced sensor return from the ground, 


that separates the X and Y-axes 
to quickly determine its position. 
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ANIMAL PROTECT: RS 


Drones are revolutionising the way wildlife conservationists keep poachers at bay 





As well as helping to save the lives of humans, ground, has been tested during the day and also be useful for monitoring the rhino, as well 
drones can also come to the rescue of animals night to respond to poaching incidents. Ol as protecting them. It would allow Ol Pejeta to 
in the wild. The Ol Pejeta ConservancyinKenya Pejeta only has around 150 rangers, each conduct their annual wildlife census more 

is East Africa's largest black rhino sanctuary having to cover 2.4 square kilometres (0.93 regularly and cheaply, helping them to reliably 
but has lost several rhinosto poachersinrecent square miles) of the 364-square-kilometre keep track of the ecosystem. 

years. They have now teamed up with drone (140.5-square-mile) sanctuary. This makes Microsoft has also ventured into animal- 
company Airware to see if unmanned aircraft response times to poaching incidents very tracking drones with their ZooTracer project. It 


slow, but using a drone allows them to get involves attaching tiny GPS tracking and 
there immediately and record sensing devices, weighing just seven grams 
footage of the offending (0.25 ounces), to animals. These devices can 
Individuals to use as record all sorts of data, such as the animal's 
evidence in court and speed, and then a drone is deployed to the 
deter further attacks. animal's location to get the data back and 


can help protect this endangered 
species. A prototype Aerial 
Ranger drone, featuringa 
camera that can deliver 
real-time video and 
thermalimaging toa 
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Trimble * 
UX5 can be used 

for mapping projects 
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The drones making difficult jobs so much easier 


The advancements in drone technology have 
been extremely beneficial for industry. From 
engineering and surveying to mining and 
agriculture, a variety of markets are embracing 
this new tool to improve day-to-day operations. 
The Trimble UX5 is one of the leading surveying 
and mapping drones being used by many 
companies. It features a 16.1-megapixel camera 
for taking several overlapping high-resolution 
images, which are then layered together by 
specialist image-editing software to collate a 
map. By taking several photos from different 
locations, triangulation can be used to 
determine accurate coordinates and create 
three-dimensional plans of the area free from 
distortion. This proves invaluable when 
planning new infrastructure, inspecting mines 
and monitoring forests, and because the drone 





is autonomous and unmanned, it providesa 
much safer, quicker and cheaper solution than 
the pilot-controlled alternative. Plus, itis made 
from expanded polypropylene, a durable 
material that enables it to fly in practically any 
weather and even float on water. 

The Trimble UXx5 takes off from an angled 
launcher that helps it safely clear the ground 
and climb into the air, where it then fliesa 
preplanned route travelling back and forth over 
the area. An application on the Trimble Tablet 
Rugged PC is used to plan flights and operate the 
drone easily and reliably, but once in the air it 
uses GPS to navigate. When its flight is over, the 
drone automatically begins its landing 
sequence, circling above a preplanned landing 
spot and using reverse thrust to help it land in 
tight spaces. 
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DHL: Amazon: Trimble: Oragantly, RTS Ideas; 





roll off the production line and take to the sky 


Design and testing 


Before building can begin, the aircraft 
must first be designed in great detail. 
Thousands of engineers across the world 
often work together to design one plane, 


and it can take several years to get it right. 


When designing an aircraft, there are 
four main areas to consider. First it must 
be aerodynamic, so that air flows around 
it with as little resistance as possible. To 


test this, engineers create computer 
simulations of the plane and examine 
how airflow and pressure will affect the 
body and wings when it isin flight. They 
then build ascale model of the aircraft 
and place itina wind tunnel, where airis 
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relating 
simulations help 
engineers see how 
air flows around 
elie lies eed 


blown towards itat varying speedsin 
order to test its flight performance. 

Next they must design the engines, 
making sure they are powerful enough to 
keep the aircraft in the air, fuel efficient to 
minimise running costs and pollution, 
and not too noisy. The way the plane 
handles inthe air must also be 
considered, and so flight simulators are 
used to ensure it is easy and safe for the 
pilot to fly. 

Finally, engineers determine what 
material to build the aircraft from, 
considering strength, weight, durability 
and cost, and how exactly it will be built. 
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From concept to check-in, discover how passenger jets 





Tle e mela a odes poe tole oe 
test the aerodynamics of 
aircraft models 














Making the parts 


A plane is made up of millions of different parts, 
from the enormous fuselage shell to the tiny 
rivets that hold it together. Many are made by the 
aircraft manufacturer itself, while others, 
including the engines and landing gear, are 
produced by external contractors. A huge number 
of different skills are required to build an aircraft, 
trom mechanics and electronics, to plumbing and 
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painting, soit takes teams from all over the world 
to make the finished product. Coordinating the 
production ofa plane isa task initsell, as 
everything has to be made toa tight schedule and 
then transported to where itis needed for 
assembly. Plus, each part has to undergo rigorous 
testing to ensure it functions properly and is safe 
to use inthe final aircraft. 
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How do jet engines work? The machines that turn fuel into thrust 

















Fan | 
The big spinning fan at the 
front of the engine sucks 
in large volumes of air. 





- Compressor 
The air is then squeezed into a 
smaller area, slowing it down 
and increasing its pressure. 


Combustion 
chamber 
Fuel mixes with the air and 
is then ignited, giving off 
hot exhaust gases. 


Exhaust 
nozzle 
As the gases exit 
Turbine the engine, they 
The gases rush past a are accelerated to 
set of turbine blades, over twice the 
causing them to spin speed of the 

and drive the incoming air to 
compressor and fan. create thrust. 
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Composites 


Layers of carbon fibre 


Elcom ele Np meela ideale 
with a polymer resin 
to make the main 
body of the aircraft. 
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The final 
assembly 


Putting together an enormous passenger jet 
requires an even more enormous building to do it 
in. Aircraft hangars are some of the largest 
buildings in the world, and are able to house 
several aircraft at once as they are passed from 
team to team along the assembly line. 

First though, all the parts need to getthere, and 
this is done by road, river and evenair. Cargo 
aircraftsuch as the Airbus Beluga and Boeing 
Dreamlifter, are designed specifically to transport 
large pieces ofaircraft to the final assembly point. 

The individual pieces of the fuselage are 
fastened together using thousands of rivets, then 
the electrical and hydraulicsystems, plumbing 
and insulation are installed. Next the wings are 
connected, using laser alignment to ensure they 
are perfectly level, and the landing gear is fitted 
underneath. This is followed by the tail, vertical 
stabilisers and an auxiliary power unit, which 
provides power to the aircraft when the engines 
are turned off. The cabin and cockpit interiors are 
then added, complete with seats and toilets. 

Last ofall, the engines are installed, as these 
are the most expensive component of the aircraft, 
representing over a third ofits total value. Once 
assembly is complete, the plane is painted - this 
can take up toa week, depending onits size, 
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STEP 4: 
In-flight testing 


Ifthe aircraftisa new design, then the first few 
SJE VAte MOO RCO) UUO) PRM taeshsoccsit LOAM OTA TeM UNA LO eae 10) 
extensive prototype testing. This involves fitting 
WUE R Cea Ate one m iba abe 
extreme conditions, such as very hot and cold 
climates and really high altitudes. The individual 
elements ofthe aircraftare also tested, asthe 
MVPPOSt Esa ee ncaa) hme) amin Meni NibrsbReRaats)paciegcera ane 
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Phen OEbe omni tsme) CUO cme TOR GMM tsi FIOM Gi ee tere 
multiple take-offs and landings, computer- 
operated hydraulic jacks place heavy loads onthe 
airframe for extended periods of time, and the 
plane may even be subjected to artificial lightning 
RIM GU BCG Eo seh etme ama) e ait Bhe ee Ce/ gt PRe) iia on eels 
first few planes have been rigorously tested, all 
successive aircralt are taken on their own test 
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Ready for take-off! 
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How do these gasbags get off the ground and return to Earth safely? 












) Ahot-air balloon consists of Because hot-air balloons have no altering their altitude. Yousee,windis Envelope 
>} three basic parts: an real means of changing direction known to blowin different directions  Reintorced psy nylon fabric 
, J envelope big enough to other than upwards and downwards, at different heights and so the pilot can [apa used mi Bites, Sas BIG 
displacea large: fair, b he vehicle will driftalong with th dordescenduntiltheyfindthe  <-PIngDagslistheprinciple 
displace a largeamountoa ait, Urners the venicle will dri ta ong with the ascend or descend until they tind the material used for hot-air 
beneath the envelope to heat the air wind. However, a skilled balloonist appropriate wind tosend them inthe balloon envelopes. This 
inside, and a basket in which to sit can manoeuvre horizontally by direction they wish to travel. lightweight fabric can also be 
back and enjoy the ride, The scientific coated with silicone to make it 
more hard-wearine. 


principle that enables this litt is 
convection, or heat transfer. 

Heating the air inside the envelope 
causes it to expand, forcing some of 
the air out of the envelope. The weight 
ofthe airinside then decreases, 
making the balloon lighter and giving 
itsome lift. Once the burner has been 
shut off, however, the air inside cools 
and contracts, causing cold air to rush 
in from below, weighing the envelope 
down and causing the balloon to 
descend. Ifthe burner is powered up 
intermittently, the balloon can 
maintaina pretty much constant 
altitude, Hot-air balloons have an 
upper limit because at very high 
altitudes the airis so thin that the lift 
is not actually strong enough to raise 
the balloon. 
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queuing atthe airport... 


4, Air expands and rises 
Warmiairexpands.and rises, causing 
about a quarter ofthe airto exit through 
the bottom of the envelope. 





oes up... 


2. Erection 

To get the inflated envelope 
off the pround, the 
propane-fuelled burner 
beneath the envelope is 
Placed at the entrance to 
the envelope and blasted. 
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1. Inflation 

Aballoon crew inflate the 
envelope using.a powerful fan to 
blow alrin from the base of the 
envelope for several minutes, 


3. Burner on 5. Ascent 

The bummer heats the airinside The balloon ascends 
the envelope toa temperature of hecause the air 
aboutioo'C. This causes the alr Inside the envelope is 
particles to gain energy and move lighter and less dense 
about faster and fartherapart. than cold air outsice, 


Parachute vent 

[the balloon needs to chescend 
quickly, some colder aircan enter 
via a parachute valve or vent in the 
top of the envelope controlled by a 


cord pulled by the pilot. 

ee iz Gores 
Fs = To create the balloon shape froma 
Z flat piece of material, it must be cut 


into long panels (from the crown to 

the base) called cores. These gores 

2 are then stitched together to create 
the shape. 
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Bets you airborne... 





7. Air contracts 
The cooler air contracts 
leaving space inside the 
envelope to suckin more 
cold air from below. 









8. Descent 
The increased weight of 
the cooler air inside the 
balloon exceeds the 
6. Burner off upthrustandso the 
Shutting off the balloon will start tosink, 
burner causes the air 
to cool down. 
9, Landing 


By gently controlling the bumerand 
descent, the balloon will normally 
Skirt come in to land bouncing along the 
The flame-resistant material at the eround belore stopping. 
base of the envelope is called the 
skirt. This staps the rest of the 
envelope from catching fire. 





Propane tanks 
Compressed liquid propane 10. Landing site 
is stored in lightweight Given the relatively uncontrollable 
tanks in the basket. nature of directing a hot-air balloon, 





the landing site cannotalways be 
predicted and so the pilot must select 
a large enough area free from pylons 
and bodies of water where they can 
Burmer lay out the envelope. 

Liquid propane flows from the tanks Pe 
through steel pipes coiled around 
the burner. When the balloonist 
triggers the burner, liquid propane 
flows outand is jenited bya pilot 
light. In the meantime this lame 
heats the metal pipes, turning the 


Traditionally a hot-air balloon's basket is made 
of wicker because it’s durable, flexible and 
lightweight. Today hot-air balloons can come 
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liquid propane into a gas thatis with double-decker baskets that seat 50 people eR : 
more powerful and fuel-efficient j necessary. Enclosed gondolas are also » 
than the liquid when it's cold. available for serious, long-distance ballooning. i 
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A luxurious hotel in the sky? It’s 
yours for a few million dollars 


ea reales ebay manele ma itoe mM balaa ners 

» 1w00includes a shower room, adouble 
Jerse PesM (OUT arees Tires Te Resii@emes marcia Tice RT) ible 
everything else you need inaspace that is three 
times larger than traditional business jets. [tcan 
seat up to19 people in upper class comfortand 
the interior has been built to include five privacy 
Fig PC me teR cect iCBiL Tete mel bse) te kucmeen 
thanks to the larger space and innovative 
interior design. On top of this the turbofan 
engine technology and fuselage interior design 
ensure low noise for passengers. 


®% The best private jets offer more than 
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CMC (central maintenance computer) at hand to 
predict potential problems and offer solutions, 
plusan enhanced vision system to improve 


eMNithe res eee aa etal ee cad 








‘It can seat up to 19 
people In 


Upper class 
comfort’ 


£4 a 


Filthy-rich airlines, you are 
clear for take otf 


























Multiple large displays offer 
a MMCcM OTTER UN CNL MM NL Gcd noes Para 
ime wenn eri tL 
eR R emer ag 
how long the flightis. 


Bae e ercctal es Wee Eek Olea tees ass 
integrated into the jet itself, rather than added 
on, which reduces weight and other design 
enhancements increase approach steepness 
which is ideal for landing in smaller airports. 

One of these enhancements is Smart Probe, 
which will sense airspeed, trimand altitude to 
SEIT eem CA Lem Hime MOE es cena cea A COTaT OAT oes er dO Pen ees 
MKC TVVM NSM Os BA cree ce eN nc ea Oe RON lat irelCS 
WV ALi aha ec M dt MMO MTN ROON Ot sae Cet] td a tcl es 
pushing the envelope in every single area of the 
desion process. 
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6. Preparing food 
PM utopecd edt Rael tce een Ren Bint ce 
Ree eM eee oe eRe Rican 
the restofthe cabin soasnottoruin 

Wuees enya) varmes 
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Inside the cockpitare some 


toaid safety and ensure the least 


ee Ne ae 
disruption possible. 
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cabin,but the advanced 
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to offer flexible comfort and 


2. Gulfstream 
G650 
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“a Passengers: 4-8 

1. SL awake - i The ¥VLJ (very fight jet is often used as 

: eaey ee - i =e an alr taxi to travel between local 
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A fully equipped luxurious bathroom will 
help you arrive at your destination fresh as 
SUC Iese WS RMi LLP ei TAs er Class: Light jets 


Passengers: 5-9 
Wo better place tojointhe Light jets are similar to ¥LJs in thet 
mile high clita taret market, but are faster and offer 
c some extra lumunies for quick journeys. 










2. Get some sleep 
Malate cde emul Meat ri iCon Tee) 
ec CRN ROT eek 
CHAU ern an ebm toon ets a 
and enjoy the large display on Ln a 
the wall, Class: Mid-size jets 
Passengers: Up to 18 
Mid-size sets typically carry 3-12 people, 
but some can accommodate 18 people 
for short flights. 
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Class: Super mid-size jets 
Passengers: Up to 19 


S These ets are designed to offer luxury 
ry we ] : ile for transatlantic fights and give more 
mei ee } . cabin space and luxunes., 
The turbofan engines ensure a 7 
the quietestand smoothest 
possible flight and also offera 
Tee eaten ay 


other private jets. Pe | » Lineage 1000 
: | Manufacturer: Ernbraer 2 i > 












Class: Heavy jet oa Pe b 
First flight: 26 October 2007 Class: Large size jets 
aoe Sa Passengers: Up to 19 
Wingspan: 25.7 <r Large size jets are designed tor longer 


Know Your engines hrm ee - : 3674 distances and New ‘York to Tokyo ls quite 
, , 7 " os "el : a ‘ am - ws MISSILE WIL ae rt ETS if _LuUT: ip Le 

a aaa | 7 ane a m 7 = "a ss ——_— B@ Height (outside): 10,24m rer ee ee cree 

Jet engines are almost universally used to power private Secke tia See Cabin height: 2m 

jets and passenger aircralt, but there are some significant ona .* re 

differences between the type used on each. Private jets often & | 
use high-bypass turbofans, which are very quiet and offer ~ 


Cabin volume: 115. frre 
Cabin area: 68.25rn 
Weight max payload: 


- . 1. 
ne COG 


enhanced fuel efficiency plus excellent thrust to ensure better 
performance, These engines are usually placed below the wing to 
reduce drag and turbulence, particularly during take off, which is crucial fora small sot ES knots Class: Heavy jets 


Max speed/cruise speed: 480 


passenger plane, Tests have proved that turbofan engines are highly reliable and that most Propulsion: GE CF34-10E Passengers: 100s 

pilots should never suffer an engine incident in their entire career. The Gulfstream G5qo0is one tuirbofarts fc) | es i at se Sno ahs 
4 2 ‘ L vr Ait Died. |e LIneaoe LOLS In THIS 

example which is powered by twin Rolls-Royce turbolans. Calling: 12.497km : ; 


class, but is small compared to Sore, 
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The Airbus AS&0O is greener 
and quieter than many 
other passenger jets 


Thrust reversers 
Located on the innermost 

TL ASR ee Tm ae 
aircraft to assist the brakes 
when landing on a wet runway. 
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Boarding the A380 


The incredible technology 
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The world’: =| 
largest passenger 
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Lightweight materials ene 
The majority of the wings and fuselage 
are made from aluminium alloys, but 25 
per cent of the structural weight is 
composite materials, 
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Cabin comfort 

220 cabin windows provide 
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On long tights, the pilots and 
crew can get 50me rest in 
bunks located below the lower 
deck or behind the cockpit. 





How does the enormous double-decker Airbus A380 get off the ground? 


) Ferrying travellers all over the globeis 
an expensive business for the world's 

J airlines, soit makes sense that they 
would want to pack as many passengers as 
possible onto each aircraft, reducing the number 
of flights they need to make. Thanks to its 
double-decker design, the Airbus A380 is capable 
of carrying up to 653 passengers at atime, ifitisin 
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a single-class cabin configuration. That's over 150 
more than the aircraft's competitor, the Boeing 
747-8. Most A38os, however, feature four separate 
classes, with economy and premium economy on 
the lower deck and the more spacious business 
and first class upstairs, which reduces the 
passenger number to 444. Thisis stilla 40 per cent 
increase on the 747-4's four-class capacity. 


As wellas being the largest passenger jet, the 
A360 is one of the quietest, with dampeners 
reducing engine noise to halfthat of other jets. It 
is also more environmentally friendly, because it 
needs to take fewer flights to deliver the same 
amount of passengers, and the fuel-efficient 
engines are claimed to give off 22 per cent fewer 
CO_ emissions than the jet’s closest competitor. 
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Say 
Business and first class i . 
al | Two staircases provide access to the 


have room for full-flat beds, 
Ee Pema eee ete mere ares) aircraft's upper and lower decks 
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Eee | Two sets of landing wheels help 

iE EE to spread the weight of the 
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putting less stress on the runway. 
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bringing the aircraft to a halt. 
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Airbus; Getty 


Efficient engines 

OP ate Celtel eae Be me bl eg oa 
to be incredibly fuel-efficient, 
burning 22 per cent less fuel per 
te MU SRN Mite eee cee 


Building anaircraftofthisenormoussizedoes § gangways from the aircraft tothe terminal 


presenta few problems, though. Many airlines building are needed—a set-up that only certain 
have had to modify their aircraft hangers to airports are capable ot. 

accommodate the increased heightand Asa result, the A380 can usually be found 
wingspan of the A380, and some airports just travelling to and from the world’s biggest 


don't have enough space for themtopark.Also,to international airports, making the most ofits 
speed up the process of boarding and offloading 15,200-kilometre range to deliver passengers to 
such a large number of passengers, two far-flung destinations in style. 
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We have heard a lot about solar panels converting iS y tee ee eee 
sunlight to energy, but how does that process Ite Lit ght Sei | 
actually work? Inside a solar panel is a number of 
silicon cells, placed on top of each other. One of 
the silicon atoms has all its electrons, while 
| the one beneath it has a few missing, In oa 
order to restore the balance, the full = 
silicon atom transfers electrons to 
the one below, but it needs light 
to trigger the process. Once the 
sunlight hits the panel, 
electrons are transferred from 
one silicon cell to the other, 
thus creating an electric current 
that powers a load. 







Despite the massive 
wingspan, the Solar 
Impulse weighs about the 
same as two small cars 
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Close up power 


ESA's Solar Orbiter will be getting a ridiculous 
boost of solar energy when it takes off in 2017 as 
its mission is to get closer to the Sun than any 
probe has before, in order to take incredible 
pictures of the star. With its 3.1-metre x 2.4-metre 
(10.2-foot x 7.9-foot) sunshield, this craft will 
travel just 42 million kilometres (26 million miles) 
away from the Sun to take high-resolution images 
and perform experiments, It has been rigorously 
tested, as it will experience temperatures ranging 
from 520 degrees Celsius (968 degrees 
Fahrenheit) to -l170 degrees Celsius (-2 74 degrees 
Fahrenheit). Its airn is to help scientists lean more 
about the inner heliosphere and how solar activity 
affects it, answering questions about solar wines, 
coronal magnetic fields and solar eruptions. 





Cargo planes 





On board a cargo plane 


How do freight aircraft differ from passenger planes, enabling 
them to transport much greater loads all over the planet? 


» Cargo planes—- whether used in the 
>} eMC CMI ec Ame eel EEnN GCS em Eee 
tiie ecw leet sren eee oh t gest 
have usually been designed with haulage in 
mind or ee of steyn converted from standard 
aircraft. ee eto atte ja) batts errat steel A ENG 


specialised hold that can store around 150 cubic 


tases OC AULD cubic ital ei fiesta ortarel 
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Lightening the load 
Depending on the type of cargo being carried (very 
large items or military vehicles may be exceptions), 
many cargo planes will use ULDs, or unit load 
devices. These allow the crew to prepackage cargo 
into single units that can more easily be loaded into 
the hold prior to the flight, saving a great deal of 
time. It’s a similar system to that used in shipping, 
maximising the space used at the same time and, 
thus, increasing efficiency (and profits). The ULDs 
themselves are either robust and lightweight 
aluminium pallets or aluminium-floored containers 
with toughened plastic walls. The containers are 
sometimes converted into self-contained 
refrigeration units to store perishable goods. 


096 


ae a a : Gis Ata! 


electronic rollers that allow prepackaged 
pallets to be rolled back as faras possible, 
without the need fora forklift, Large cargo bay 
doors are installed to fit bigger items through 
and, insome examples, like the Boeing 747-400, 
the nose lifts up to allow par ticularly large. 
items to pass down the body of the yeast ashhae 
the demands of air frei ght rsd increasing, 
EMC Alden aL cargo Ca 
Airbus ES lens Teo WCU soho also 
seat coins a Che 
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The cargo bay of a freight 
LUBE DELMAR Les mma 8 
belt for haulingegogds 
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load, anumber of adaptations must be made to 
the overall avian design, For example, the 
wings and tail are built high to allow the freight 


to sit near the ground and to facilitate loading; 


the fuselage is much bigger; and -similar to 
WEARS CA Lele make eaio Clete ng aE 
featurea pienias ine of wheels to support 





























Vehicle ramp 
Large aircraft (like 
Lockheed's C-5 Galaxy) are 
quite capable of carrying 

several light vehicles which 
can be driven on via ramps. 





WORLD’S BIGGEST CARGO PLANE 


This title goes to Russia’s Antonov An-225 Mriya. Ithasa 
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tanks in its cavernous hold and has space for up to 80 cars. 
































Lockheed Martin's C-5 Galaxy has 12 
internal wing tanks with a total 
capacity of 194, 3701 of fuel 
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Aa Cockpit 
Military cargo planes 
are usually manned by 
several crew including 
the commander, pilot 
and loadmasters, 
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"787 Dreamliner 
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of next-gen features. 


M) At first glance the brand-new Boeing 787 
a Dreamliner appears to be nothing special. 
| Anew mid-sized jetliner that through its 


conventional design, standard power output and 
modest maximum range seems to, for the most part, 
blend in with the crowd. Justanother commercial 
passenger jet introduced toa market hitseverely by 
the worldwide recession. A multimillion pound 
piece of technology that changes nothing. Butif you 
believe that, then you couldn't be more wrong... 
That is because, a5 is common with most 
groundbreaking new technologies and ideas, the 
devilisin the details. Indeed, the Boeing 787 is 
arguably a slice of the future today, both literally fits 
service life is predicted to extend up to 2028) and 
metaphorically. The latter comes courtesy of it being 
the first aircraft to be designed within a mantra ol 
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efficiency over everything else, That's not to 
downplay the aircraft's numerous new 
improvements and technological advancements in 
any way —this is one of the most complex jetliners 
currently in operation in the skies -butinthe 
present financial climate and arguably one that will 
affect the industry for years to come, this greener, 
cheaper and more accommodating aircraft is laying 
down a roadmap that others can now follow. The 
evidence for this? How about the worldwide orders 
of 821 new planes from 57 operators to the tune of £93 
($145) billion? 

So how isthe 787 turning the dream of cheaper, 
more efficient air travel into a reality? The simple 
answer isa direct 20 per cent saving on both fuel 
usage and outputted emissions. The long answer isa 
little more complicated. 


The key to the super-high performance granted by 
the Dreamliner lies in its adoption ofa suite ofnew 
technologies and materials. Composite materials {ie 
carbon-fibre/reinforced carbon-fibre plastics) make 
up 50 percent of the primary structure of the 787, 
which include both the fuselage and the wings. 
These are lighter, stronger and more versatile than 
traditional pure-metal offerings. Indeed, when this 
modelis compared againstthe Dreamliner’s 
predecessor, the Boeing 777-read: a mere 12 per cent 
composite materials and over 50 per cent aluminium 
-you begin to grasp what a game-changer this 
vehicle is to the jetliner industry. 

The new materials have been partnered witha 
completely revisited build process, which allows 
each Dreamliner to be produced from fewer 
aluminium sheets, less fasteners (an 80 per cent 
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Big brother 


The 787 got a big brother in 
2013, with a larger = read: 
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reduction on the 777) and simpler drill 
schematics — the latter allowing a 787 to 
have fewer than 10,000 holes drilled inits 
fuselage (the 747 needed over a 
staggering 1 million). This saves on 
production costs, assembly time and 
streamlines the build, reducing potential 
points of failure, while increasing 
aerodynamic efficiency. In addition, 
more than 60 miles of copper wiring has 
been eliminated from the new model, 
again saving weight, plus streamlining 
the electrical infrastructure. 

Talking of electronics, the Dreamliner 
has been designed with a state-ol-the- 
art, fully electronic architecture, which 
through the replacement of all bleed air 
and hydraulic power sources with 
electrically powered compressors and 
pumps, extracts as much as 35 percent 
less power from its engines atany one 
time. Further, anew electrothermal 
wing ice protection system —with 
moderate heater mats located on wing 
slats -improves de-icing levels and 
consistency significantly, again boosting 
aerodynamic performance. Wing lift 
performance isalsoimproved thanks to 
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the adoption of raked wingtips, which 
reduce the thrust needed by the engines. 

These efficiencies combine with the 
heart of the Dreamliner: its twin 
next-generation, high-bypass turbotan 
engines. Two engine models are used on 
the 787 - both the General Electric GEnx 
and Rolls-Royce Trent 1000 - each 
delivering a maximum thrust of 280 
kilonewtons (64,000 pounds force} and 
acrulse speed of Mach 0.85 (1,041 
kilometres/647 miles per hour). Both 
engines are designed with lightweight 
composite blades, aswept-back fanand 
small-diameter hub to maximise airflow 
and high-pressure ratio - the latter, when 
complemented by contra-rotating spools, 
improving efficiency significantly. 
Finally, both engines are compatible 
with the Dreamliner’s noise-reducing 
nacelles, duct covers and air-inlets. 
Indeed, the engines are so 
technologically advanced that they are 
considered to be a two-generation 
improvement over any other commercial 
passenger jet. 

Assuch, contrary to initial 
appearances, the Dreamliner isreallya 
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wolfin sheep's clothing, delivering 
standard-bearing improvements, along 
witha vast list of incremental ones - 
including energy-saving LED-only 
lighting -that make it one of the most 
advanced and future-proofed jets in our 
skies today. And you know whatis most 
exciting? Judging by Boeing's current 
substantial backlog of sales, there isa 
high probability that you will be flying 
on one of these mighty machines 
yourselfin the very-near future, 


2 Oliver Cleynen 
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Boeing 787 Dreamliner 
Crew: ? 
Length: S/mi (l86*t) 
Wingspan: 60m (L97ft) 
Height: lim (Séft) 
Max welght: 
226,000kg (502 500016) 
Cruise speed: 
LOA km/h (64 imph} 
Max range: 
165, 200km49.440mi 
Max altitude: 
14, 100m (42 000ft) 
Powerplant: 2 x General Electoc 
GEnx / Rolls-Royee Trent 100 
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Anatomy of 
E the Dreamliner 


\ea ay i We break down a Boeing 787 to see how it 
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Cockpit \ outpaces, out-specs and outmanoeuvres 


The Dreamliner's state-of-the-art cockpit is fitted with \, . : TITIO) bs 
Honey welland Rockwell Collins avionics, which A the competition = 
Include a dual heads-up euidance system. The electrical , 

power conversion system and standby flight display is >» 

supplied by Thales. and an avionics full-duplex ! — = am Cargo bay 
switched ethernet (AFDX) connection transmits data , The standard 749 - referred to as the 747-0 -hasacareo 
between the fight deck and aircraft systems, bay capacity of125m5(4,qo0i3)anda max takeolf weight 


of 227,q90lce (03, c00Lb). The larter variant —relerred to.as 
the 787-9 -hasa cargo bay capacity of1ggni (5, 400ft4) and 
amax takeoff weizht of2a7,208ke (545,000lb}, 






Pa 
Electronics , - — | - = Ail 
The 787 featuresa host of LCD . =. 
multifunction displays throughout the 
flight deck. Inaddition, passengers have 
access to.an entertainment system based ieee. 
on the Android OS, with Panasonic-built 
touchscreen displays delivering music, 
movies and television in-ficht. 
" 
Flight systems 


The 787 replaces all bleed airand hydraulic power 
sources with electrically powered compressors 
and pumps. [tis alsoinstalled witha new wing ice 
protection system that uses electrothermal 
heater mats on its wing slats tomitigate ice 
buildup. An automatic cust alleviation system 
reduces the effects of turbulence too, 





Engines 

Twoengine models are compatible with the 

Wings Dreamliner: twin General Electric GEnxor 
The 787 Dreamliner's wings are manulactured Rolls-Royce Trent turbolans. Both models 
by Mitsubishi Heavy Industries in Japanand produce 230kN (64,000lbf) and grant the 767 a 
feature raked winetips. The raked tips’ primary cruising speed of 1,04i1km/h (647mph) They are 
purpose is to improve climb performance and, also compatible with the jet’s noise-reducing 
asa direct consequence, fuel economy. nacelles, duct covers and exhaust rims. 


945 vickers VC.1 Viki 55 1958 Boeing 707120 1976 
Evolution rey i 1945 Vickers hc = ae The first Lae ot of the now- pts) gecie's [Fs] (cole t lO 


| - = Hae RCM CNet aCe NM eT NT ELS am eu ape T Wie kee) widespread 7o7 series, the 7o7-120 seta Concorde 
ais etliner Ee ga atcha nnaeliiar ft first-generation new benchmark for passenger aircraft. Astandoutdevelopment 
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the high points in the vena avs eg iret and America. Itwas Agood exampleofanarrow-body | transatlanticflight- 
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production. It was developed by the Per setavecets iv asiatel speeds and preater passenger- 


een mercial jetliner de Havilland company in England. , holding capacity. 


even to this day, 
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Train to gain 


: Boeing has gone the 
OEE ee nem ieee tre aa extra mile to produce a 
avVallable on each jay c omple te pacl ta ge with 
- Amenities Cabin the 787 Dreamliner, 


When on board passengers are offered 
roomier seats (across all classes), larger 
storage bins, manually dimmable 
windows, a stand-up bar, pender-specific 
lavatories and an on-demand 
entertainment system. First-class 
passengers receive a complimentary 
in-flight mealand, on international 

i flights, fully reclinable seats lor sleeping. 


The standard 737 is designed to seat 242 passengers across 
a three-class arrangement, with 182 seats in economy, 44 
seats in business and 16 seats in first. Cabin interior width 
rests at5.sm St} and on either side is lined with a series of 
27 X.47cm (11.x19in)auto-dimming windows. 


offering state-of-the-art 
simulation facilities for 
pilots to get up to speed 
Potential 787 pilots can utilise 
Boeing's revolutionary full-flight 
simulator to train for real-world 


i ) Fuselage flights and specific context- 
——_ , The 787 is constructed from 8o percent sensitive scenarios. Currently 
—. composite materials (carbon fibreand there are eight 787 training suites 


carbon-fibre reinforced plastic) by volume, In 
terms ofweight.50 percent af the materialsare 
composite, 20 per centaluminiim, 14 per cent 
titanium, 20 per centsteeland 4 percent other. 


at five Boeing campuses 
worldwide, located from Seattle 
through to Tokyo, Singapore, 
Shanghai and onto London 
Gatwick. The simulators, which 
are produced by French electronic 
systems company Thales, include 
dual heads-up displays (HU Ds) 
and electronic flight bags (EFBs), 
and are designed to train pilots to 
become proficientin visual 
manoeuvres, the instrument 
landing system (ILS) and non-ILs 
approaches. Purther, missed 
approaches using intergrated 
specialist navigation, non- 
standard procedures with 
emphasis on those affecting 
handling characteristics, plus 


Compatibility 
The 747 Dreamliner is designed to be 
compatible with existing airport layout 


and taxiing setups, As such the 789 hasan e . 
effective steering anple of 64 degrees, E wind shear and rejected takeoff 
allowing it to rotate fullywithina gam 3 training can also be undertaken. 
hg 8ft}-wide runway. Italso hasaj2m All ofthe training simulators 





hooft) tyre edge-to-turn centre ratio. are approved by the US 


vty we Federal Aviation 
AE Administration (FAA), 


1986 Fokker 100 


The Fokker 100 was ashort-haul specialist that 
carried up to100 passengers. Domestic and 
short-range international flights were its remit. 


1994 Boeing 777 


MiP AT TROL ed ee REE al sD 
ees Pada rd tes is ieee tect 
capacity and range ry, yyokm/10,793miL. It 
became a mainstay of airlines worldwide. 





2005 airbus A380 


ei tited (epee OSM IRON OA i ran ieee gree peels Bits 
largest passenper aircraft in the world. The Aaso has 
Uti i et TA Rie Me OR en ee 
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2011 concn hate 
The most fuel-efficient jetliner ofits class, the 787 
Pepi OR t MRC tee ee Re meee 
VM sonoma er Bestel ene ea ee ord 








making them 

, officially some ol the 
mostadvanced 
training suites 

Se aroundrightnow. 


Pilotsand potential 
pilots. can train at eight 
simulators worldwide 
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| Gliders work by maximising the 
> dynamic properties of air to remain 
) airborne for long periods oftime, To 

do this they optimise their lift-to-drag (L/D) 
ratio—the amount of liftgenerated by a wing 
orvehicle, divided by the drag it creates by 
moving through the air -by extending the 
surface area of their lifting surfaces, ie their 
wings, streamlining their physical 
construction and utilising the lightest 
possible construction materials. 

The glide ratio = the distance a glider lalls 
for the distance it travels forward -ofany 


“Weighted 
correctly, the 
polar curve of — 
distonce travelled 
to distance fallen 
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How do these engineless aircraft stay airborne? 





glider is also reliant on its airspeed andthe 
prevalence of rising air in the aircraft's 
vicinity. For example, ifa glider is too light 
then its fall rate will be low but its travel 
distance forward willalso be low, meaning 
high speed and long distance glides are 
impossible, as itwill never reach the 
nextarea of lift. However, ifa glider is 
weighted correctly, then the polar 
curve of distance travelled to 
distance fallen is optimised, 
carrying the glider 
between areas of uplift, 


Airspeed (knots) 


Pt titi tit tre Ae eee ee eee ee eee eee ee eo ee 


Sink rate |icnots) 





Experiments with gliding 


Gliding isn'ta new pursuit of humans, although it only reached 
substantial success in the 20th and 21st Centuries. In fact, the first 
record ofsomeone attempting to glide through the air occursina 
17th Century account ofa 9th Century attempt by Abbas Ibn Firnas of 
Cordoba, Spain. Untortunately for Firnas-who wasa respected 
polymath and inventor-the attempt was reliant on covering 
himself with vulture feathers and ended in bad back injuries. 
Where Firnas failed, though, the Wright brothers succeeded, andin 
i911 they successfully glided ina modified, engineless variant of 
their famous aircraft. Since then the engineless glider has evolved 
into the sleek, streamlined aircraft we see today, 





















| Recreational 

» Viodern gliders were developed 
post World War Two, mainly by 
enthusiasts just to have fun 
during their time off work. Back 
then they were made primarily 
out of wood, mot fibreglass. 


Tow 
Gliders were used in the Second 
World War to drop soldiers and 
equipment nto war zones, The 
gliders would be towed half the 
way and then left to glide to a set 
drop-off point. They were 

3 Ch saat 
Nol all gliders are enginnless, 
with many fitted with one to 
allow them te take-off on thelr 
own, removing the need for then 
to piggyback on another aircraft 
inorder to get airborne, 


The principles of gliding have 
been extrapolated to the 
armanvernt industry, where 
NUMeTOUSsS COMpanies make 
gliding bombs designed to travel 
great distances without needing 
any propellant. 


5 Training 

ew (any gliders are used by 
instructors to educate amateur 
pilots in the basic principles of 
flight before they are given an 
engined aircraft, Trainer gliders 
contain a dual-seated cabin. 





Inside a blimp 
Graceful forms of transport that are also often 
used for advertising and as camera platforms 


Blimps keep their shape purely passengers and crew are housed and where 
oa through the pressure of the gas the blimp is controlled from, is often made 
2 inside theirmainhullandchanges ofaluminiumto minimise the weight ofthe 
in this pressure are managed by ballonets. condola and maximise lift. Blimps are best 
These are bagsofpressurisedairwhichare knownasplatforms foradvertisingand 
also located inside the main envelope and tend to operate between joo and 900 
are inflated or deflated to maintain the metres. However, they can operate up to 
external shape. 3,000m off the ground. 
The envelope itselfis often made of 
man-made materials, with Mylarand 
polyester being common. Within the 
envelope -the blimp’s outer skin -there’s a 
second skin, commonly made from 
polyurethane, called the bladder. Thisis 


where the lifting gas, most commonly 
helium, is located. The gondola, where the 
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airships 
limb aboard these ultra-light giants 
for a journey into the future of flight 
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THE LIGHTWEIGHT HEAVYWEIGHT 
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the equivalent of 15 fully grown African elephants (close to 
61,000 kilograms/134,400 pounds) in its cargo hold, 





The bebe 





Aeroscroft 


Span: 49m (leo) 


Cruise speed: 
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Length: 152m (50010 


Total passengers: 180 
Range: 5.744km (3,569mi) 


222k h U3emph) 
Altitude: 3.658m (12,0000 


Introducing the Aeroscraft 


Measuring 152 metres (500 feet) long. luxury liner Aeroscraft will hold 180 
passengers as they cruise at 222 kilometres (138 miles) per hour. 
Travellers can admire the view afforded by floor-to-ceiling windows as 
the floating giant hovers 3,658 metres (12,000 feet) over the Earth. Aeros 
describes it as the only next-gen airship capable of truly vertical takeoff 
and landing; even hybrid airships need a running start to achieve lift. On 
the Aeroscralt, rapid ascent is powered bya combination of the ship's 
store of helium and six turbofan jet engines. The difference between 
Aeroscraftand other airships is an internal ballastsystem called 
Dynamic Buoyancy Management. When an airship loads or unloads 
cargo, the change in weight must be counterbalanced by adding or 
removing ballast else the vehicle will be too heavy to fly or too light to 
navigate. Instead of loading and unloading water ballast during takeoff 
and landing, the Aeroscraft can adjust internal buoyancy by taking in air 
from the outside and compressing it ininternal compartments. 


How does Aeroscraft take to the skies? 


Compare the Aeroscraft's takeoff and landing abilities with other airships 








Conventional airship Cruise 
Takeoff and Descent and 
ascent gh Se See ee landing 
F LTA "a, ; 
an Ag = 
a“ Oe 
LTA LTA 
Hybrid airship Cruise 
Takeoff and Descent and 
ascent a a SRE BD EFRS SPS SB RSFSR ERE ES landing 
a HTA aco 
a” F "a it = - 
- Ss 
HTA HTA 
The Aeroscraft Cruise 
Takeoff and Descent and 
ascent —— ——— 3 —— landing 
: LTA LTA/HTA LTA 
SSS" - vertically (mission vertically = ee 
—_— dependent) a 


HTA 
LTA = Lighter than air HTA = Heavier than air 


“It's estimated that the 
Aeroscraft will be able to cross 
the USA in around 18 hours 





Meet the Airlander een ri: 


The unmanned surveillance version 


, ; : ; : : ? Ae of the Airlander can fly for weeks on 
The go0-metre (295-foot) Airlander, manufactured by Hybrid Air Vehicles, is a ‘hybrid 8,000kg (18,000Ib) a aE 


EMiCw Tem MIM Ma Rel Ga CesT Mest Cleese ya UATA lec m etd (Mele ccd mae REC COlatem ese et omer sant just £12,600 ($20,000). 
capabilities of a conventional airship. Only 40 per cent of the Airlander’s liftis 

supplied by helium. The rest is powered by four turbine engines. This extra muscle 

enables the football field-sized Airlander to carry payloads of up to 200 tons. The 

Airlander comes in two models: one for heavy-lift transportation and another for 
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_Airlander is marketed asa ‘green’ transport solution, using far less fuel than 
conventional aircraft, and supplying a point-to-point solution that eliminates 
environmentally invasive infrastructure like major roads and airstrips. 
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The envelope of the Airlander 
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Airlander — = ——  ———— Sl the craft still during 
Length: 90m (295H) | a loading and unloading. 
Cruise speed: 

L4skimn (S2mph} 

Max altitude: 

6.096m (20 OOOft} 

Max payload: 

200,000k9 (440,92 5Ib) 

Endurance: 21] days {unmanned —, 

a Power: (457RW (0,000shp) 








The Hindenburg disaster 


The newsreel footage is as powerful today as it must have 
been on 6 May 1937, when announcer Herbert Morrison 
choked with emotion as he described the explosive 
consumption and crash of the L7-129 Hindenburg, one of the 
largest (and the last) airships of the era. The exact cause of the 
fire is unknown - engine backfire, lightning, even sabotage - 
but the explosion was fuelled by the highly flammable 
hydrogen gas used to keep the 245-metre (803-foot) dirigible 
afloat. Incredibly, only 35 people died of the 97 on board. 
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Enter the SkyTug 


Lockheed Martin was one of the top competitors when the US Army went 
shopping fora new surveillance aircraft. In 2006, the Army passed on 
Lockheed's next-generation P-791 hybrid airship in favour of the 
Airlander, a similar aircraft built by Britain's Hybrid Air Vehicles and 
American defence contractor Northrop Grumman. Now the P-791 has 
been revived as the SkyTug, a hybrid airship poised to serve oil and gas 
rigs drilling in remote locations. The SkyTug works almost exactly like 
the Airlander, achieving lift through a combination of helium and fully 
rotating turbine engines. A Canadian firm recently ordered a SkyTug 
with a 20-ton cargo capacity, but Lockheed says the design is scalable to 
handle five times that weight. The SkyTug’s air cushion landing system 
features inflatable landing surfaces that enable the airship to land on 
almost any terrain, much like its competitor the Airlander. Lockheed is 
billing the SkyTug as the perfect long-range transport for heavy 
machinery and equipment. Instead of building expensive roads or 
railways to Arctic drilling sites, we can now ship heavy equipment via 
airship. To this end, hybrid airships like the SkyTug can operate in 
temperatures as low as -56 degrees Celsius (-68 degrees Fahrenheit). 























ee 
_ SkyTug 


Length: (6.2m (45070 

Max speed: 148km/h (S2mph) 
Max altitude: 

6,095m (20.000Ft) 
Endurance: 21 days 

- Payload: 

From 20, 000kg (4-4 09216) 
Min temperature: 

-56°C -68"F) 















7] Aspe: Hybrid Air Vehiees: Linck heed Martin 












































TIMES THE SPEED OF SOUND 





RMP The crock of a whip is actually o sonic 
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eee eters beleRtcehelGaibiionastsisu eae] Fim elt G| 
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aircraft may look similar to the jet 

a) Ftatace U=m aces Sen P FP malas ee e]N img gta 
engineering marvels are completely different 
beasts. Able to attain speeds that would literally 
tear a conventional passenger jet apart, 
ayigersveciO)ab ees PUe es Dim ee bitch RPO OU Le] Cal MaDe acest hs 
built from advanced materials and are packed 
MPURe) Mia] i nel mt-e a 

So just how fast are they? By definition, a 
Laie] eci8) ap om =i ep la (eee Pa M si teLu smth] tc) meets eam eel 
speed of sound — or Mach1—-which is1,235 
kilometres per hour, or 343 metres per second. 
But to be classed as hypersonic, planes must fly 
at least five times this speed -6,175 kilometres 
per hour, or 1,715 metres per second. And their 
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sonic boom? 
Why breaking through the sound 
barner ts such a noisy affair 




















Continuous boom 

An aircraft travelling faster than Mach 1 is 
constantly producing shock waves, which 
merge to form acone. In certain conditions, 
this is visible as a conical cloud of water vapour. 





Hypersonic vs supersonic 


MEN lees ieee ita mee tale Vagisil sis) Ren iY 
faster than the speed of sound. But that all changed in the 1940s, 
Pits MMe cate pilot Chuck Yeager flew faster than Wet pe Wem ad 
speed of sound - for the first time in human history. 
Onlookers below heard the sonic boom as the pressurised air 
gave way ta the Bell X-1 rocket plane, and they realised that 
esl ets wom team te mols e eT -tms deg 
But although supersonic aircraft have to overcome many 
obstacles to fe} gersL Maal oacie Share| barrier, these factors are 
compounded iret eda 8 hypersonic Sessa cee Nese ede La 
above, the air does more than just form shock waves. At such 
Reema lee ee gees elie ee CMe Malte 
temperatures - enough to melt steel — and the engines have to 





speed isn't limited to Mach 5; that’s just the 
oS DM eee OMe Mecsas ee CMe td md ats 
can reach Mach 20-that’s nearly seven 
kilometres per second! As long as these vehicles 
can withstand the pressure in the atmosphere, 
Mite mes TOR cele M Neh Pi eM ibis melee tat isle 

eM OLR PANG BeA CRW cl Coes te)eem ce Rion Mb] etm) | 
to fy at supersonic speeds. It broke through the 
sound barrier and revolutionised air travel. But 
naw the aim is to go taster than ever, with jets 
and commercial airliners capable of reaching 
even greater speeds. This is, of course, nosimple 
fir eee UG Mes ecm eee Ae ee ar eeL 
brothers first took to the skies, we're still 


building new and innovative aircraft, This 
technology reveals new realms of possibility 
that would make air travel more efficient and 
APA =UAU INL MGT eM sad =) me) =d cele beret ip comment gn aT 
halfway around the worldin justa few hours, or 
seeing a spacecralt climb into the upper 
atmosphere without a giganticrocket. 

The most exciting part is that this isn’t the stuff 
of science fiction —- we've already flown vehicles 
at hypersonic speeds, and researchers are now 
developing hypersonic planes suitable for public 
use. Read on for more of these incredible feats of 
RaPASe smear teste Me eB rh CM eR Marie ewe e 
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tear ag conventional passenger jet apart” 


Below Mach 1 


The aircraft compresses 
the air in front as it moves ‘ 


forward and emits noise 
from its engines, forming 
waves that move away at 
the speed of sound. 





SUBSONIC 
SPEED 


MACH 1 


SD / ,§-— At Machl 


When the aircraft 


 feaches the speed of 
3 — sound, the air being 
~" | | - compressed cannot 
, | al move away fast 
enough, so the waves 
accumulate at the 
nose of the plane. 
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Above Mach 1 

As the plane exceeds the speed 

of sound, it overtakes the 

waves. This causes a change in 

air pressure, or a shock wave, SS ee 
| which is heard as a sonic boom. 
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BUILDING A HYPERSONIC VEHICLE 





The challenges and successes in the engineering community's quest for hypersonic flight 


Supersonic aircraft such as Concorde differed 
Hee O MM OAHTOMGNLEPmcie lec A a MMM OLED OLdcagarsi meee We Tey 
had adapted wing designs and advanced 
engines. These changes allowed Concorde to 
smash through the sound barrier, which is 
something subsonic commercial jets were 
simply unable to do. 

The difference between asupersonicanda 
hypersonic aircraft is even more striking, 
because at hypersonic speeds the rules change 
completely. The previously benignair starts to 
become aserious problem, as aircraft moving at 
hypersonic speed generate huge amounts of 
Pati OPM MOTO Cociti MIAME nN |S tlic m slim lel bysa a) 
to melt the frame of a standard jet, so hypersonic 
aircraft must be builttrom robust heat-resistant 


Speed 

Scramjets are most 
efficient at hypersonic 
speeds starting fram 
around Mach 6, 


Scramjet 
engine 














Supersonic airflow 
An inlet conditions the 
airflow before delivering it to 
the engine, where heat is 
then added in order ta 
generate the thrust needed. 







Combustion 
Compressed air combusts HE 
the fuel source and leaves at 

a higher temperature and 
pressure through the 

) exhaust, producing thrust, 


materials suchas ceramics. And they can't stop 
there, because even if they are able to withstand 
the heat, the pressure at low altitudes is simply 
too preat to fly at hypersonic speeds. Hypersonic 
Jape (BeNOR TTT O MER a RTT eR ND ICR RM B= 
LSU eesON eA C Rene Dima aN ele em een nen al) ene 
Wo some rica t Ree =e-i ee PORE) Posters i heed bd 

Perhaps the biggest consequence of the 
intense airflow is that hypersonic véhicles can't 
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ANP UNLOLIOST MOR DaOIOT aS cIN ISL al ec OU Me eles PO Com age Fad T hime 
does so-at subsonic speeds (the supersonic 
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SG CUMP COST ec eciINE Oca ele na Semmes kus Dig tes LE 
MES tecLA Ab eecj Sle eb ee LATA UT OM belle) med Dente) hY 
explode before your eyes. But rather than rely on 
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‘Air-breathing’ engine 
Unlike rockets, scramjets rely 
on air from the atmosphere to 
bum their fuel. 
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‘Ramming’ 

Air is forcibly packed into the 
engine due to the immense 
speed of the aircraft. 


Subsonic airflow 

Airis drawn into the engine by 
turbines and compressed, slowing 
the flow to subsonic speeds, 
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power hypersonic vehicles -—engineers asked 
themselves a more ambitious question: could we 
take what we've learned about the jet engine 
and design an equivalent that works at high 
supersonic,and even hypersonic, speeds? 

This led to the invention of the supersonic 
combustible ramjet, orscramjet. Taking the 
principles of a jetengine and stripping awayall 
ofthe unnecessary components for hypersonic 
travel -such as a turbine and a compressor - 
allows air to move through much more quickly. 
With few moving parts, these simple-looking 
engines produce enough thrust foran aircraftto 
soar atincrediblespeeds; and in doing so, have 
jepMt eR teneeps MaNT-Sarlea lc oMClee imate tent i-8 
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Supersonic flow 

Airflow is slightly slowed to 
Increase temperature and 
pressure but still flows through 
the engine at supersonic speeds. 








Conventional jet engines are 
capable of operating at 
speeds of up to Mach 3.5, 


Conventional 
jet engine 



















p beh Incor por ated _ en of 
Boeing’s hypersonic vehicles 
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Thrust 
 Pressurised air combusts the 
fuel source and produces 
thrust as it exits the engine, 














Dr Kevin Bowcutt is the senior technical fellow 
and chief scientist of hypersonics at Boeing. He is 
an AIAA Fellow, a Fellow of the Royal Aeronautical 
Society, and also a member of the National 
Academy of Engineering. He holds BS, MS and 
PhD degrees in aerospace engineering from the 
University of Maryland, US. 


Why is Boeing so interested inthe 
hypersonic technology? 

Boeing is interested in hypersonic technology for 
several reasons, including application to 
missiles, aircraft, and space planes. Hypersonic 
airplanes may someday whisk passengers and 
cargo across oceans inan hour or two, enabling 
international day trips. Perhaps most exciting of 
all, reusable hypersonic space planes may make 
transportation to Earth’s orbit more like flying in 
an airplane thana rocket, and therefore much 
more affordable - up to 100- times cheaper. 


What hypersonic technologies are you 
currently developing? 

Key enablers to make hypersonic flight a reality 
include lighter and more durable high- 
temperature materials, increased hypersonic 
engine efficiency, and advanced sensing and 
data analysis technologies. On the technology 
front we are developing advanced high- 
temperature ceramic matrix composite 
materials, structures, and thermal protection 
systems. We are also developing, and have 
applied, advanced hypersonic vehicle design 
methods based on multidisciplinary design 
analysis and optimisation (MDAO). We have 
designed, and continue to study, hypersonic 
vehicle concepts such as missiles, 
reconnaissance aircraft, passenger airplanes, 
and reusable launch vehicles (space planes). We 
have built and successfully own two scramjet- 
powered experimental vehicles, the NASA X-43A 
and the USAF/DARPA X-51A. 


What are the main challenges that you 
currently face? 

Finding materials that withstand very high 
temperature,and that are lightweight and 
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FLIGHT A REALITY 


We spoke with Boeing's chief scientist 
of hypersonics, Dr Kevin Bowcutt, 
about the future of high-speed travel 


durable, 
remainsa 
challenge, 
although good 
progress is being 
made in their 
development. Scaling up 
scramjets to larger sizes (beyond small jet engine 
size in terms ofair flow rate) and speeds above 
Mach 7 is another difficulty due to ground testing 
limitations. Integrating low-speed and high- 
speed propulsion systems into combined cycle 
engines is another area for further development; 
combined cycle engines are required to 
accelerate from zero to hypersonic speed. 
Additional challenges include vehicle thermal 
management and thermo-structural health 
monitoring, as wellas designing highly 
integrated systems such as hypersonic vehicles, 
driving the need for MDAO. On top of this, 
adequate funding isa perennial problem, 
although the situation is improving. 





What is the overall goal of your project? 
While Boeing is not developing a hypersonic 
airliner, and does not see a near-term demand 
for the product, we continue to research many 
advanced hypersonic concepts and 
technologies, so that we are prepared ifthe 
market develops for such vehicles. The potential 
for hypersonic aircraft in the future will require 
further advances in several areas of technology, 
as well as market demand. Ultimately, we want 
to help create the future of flight: ultra-rapid 
global transportation and routine and affordable 
space access. 


How do you personally picture the future of 
hypersonic flight? 

Although it’s likely to be a few decades away, | 
envision a future where Mach 5 airplanes fly 
people between international citiesina couple 
of hours, and space planes routinely fly people to 
a hub in Earth's orbit for connecting flights to the 
Moon or Mars. Eventually, these vehicles will be 
powered by clean, high-density energy, probably 
some form of safe nuclear power. 
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Exploring the concepts that could one day replace the jet plane 


[f there’s one lesson that we've learned about 
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machine to hypersonic speeds and keep it there. 
Fortunately, solutions for each of these critical 
problems have been suggested -—and some seriously 
cool aircraft have been designed in the process. 
Innovative engineers suchas Charles Bombardier 
have been at the forefront of these endeavours. His 
envisioned aircraft, called Skreemr, would take to 
the skies with the help ofan electrical launch 
system such as a railgun—so we could be bidding 
farewell to runways one day. Arailgunisan 
electromagnetic strip that uses electricity to launch 
projectiles at incredible speeds, and could be used 
to fire the Skreemr into the air. This would eliminate 
the need for tons of extra rocket fuel for take-off, 
reducing the aircraft's weight considerably. 
Another design by Bombardier, known as the 
Antipode, could tackle the heat problem as wellas 
the menacing sonic boom. By using counter-flowing 
LeRO Smee IM bNleM ROU au bah SiOe Pee HMO East bige | 
the temperature generated from aerodynamic a 
friction and the sound produced by the sonic shock 
waves would be significantly reduced. And these 
features would help the Antipode fly up to Mach 24, 
equivalent to 29,500 kilometres per hour! These 
designs are still some time away from being 
realised, but Airbus and Reaction Engines have 
recently generated two concepts that could have us 
cruising at hypersonic speeds that much sooner. 
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Airbus’ Ultra-Rapid Air Vehicle will cruise over 
twice as high as today’s airliners 


Climbing 


| Hypersonic hopefuls 





Passengers 

Up to 300 passengers plus 

Rival aerospace engineers are tackling the baggage can be transported, 
FMT ee tg mr a ensuring ticket prices remain 

| competitive with those of 

subsonic airliners. 





Airframe — 


The shape of the aircraft 
allaws the pilot to Rocket be ster 
ee oe As the turbojet engines 
maintain control across | 
: are retracted, a rocket 

the full Mach range. elie 
engine pushes the plane 
beyond Mach I. 


Mounted ramjet engines 
These engines generate thrust 
once the aircraft has reached a 
high altitude and is travelling at 
Supersonic speeds, 


Rotating fins 

Fins at the rear of the plane 
can switch between 
horizontal and vertical 
onentations for increased 
stability and speed control. 














Cruising 

Advanced ramjet engines 
are ignited when the 
aircraft reaches an 


Once the aircraft has | ; altitude of 35km. 


reached the lower 


Take-off : stratosphere, the 
rocket engine ignites, 


Jet engines attached 
to the fuselage 
would be used for 
taxiing and take-off. 








Accelerating 

The aircraft breaks through the sound 
barrier while travelling vertically, causing 
the sonic boom to travel horizontally 
instead of towards the ground. 







" - = | = The legendary %-15 
The history of hypersonic travel sist tis vcnicieso 
| carry a pilot at 
It's been 60 years since a piloted vehicle first travelled faster than Mach 5, hypersonic speeds 
breaking the hypersonic barrier in a defining moment that showed the true 
possibility of space travel. The *-15 aircraft not only showed us that we could be 
carried at hypersonic speed, but taught us about how best to design, control and 
safely land a vehicle capable of achieving such a feat. The aircraft itself was 
essentially a rocket/plane hybrid, built to endure temperatures up to FOO degrees 
Celsius and fly at an altitude of over 100 kilometres, while being blasted through 
the air by a rocket engine at the rear. 
Its achievements filled its creators with confidence that they could soon launch 
a vehicle into space at high speeds and bring it back into the atmosphere safely. 
Essentially, the 4-15 played a role in putting humans on the Moon. am 








Fuel 

Almost half of the aircraft's 
weight - approximately 400 
tons - is its fuel mass. 





— us Turbo ramjets 


No view A turbojet and a ramjet are 
Windows that can cope with the heat of Pee ere He eer. 
combined into a single engine 


hypersonic travel are expensive and heavy, ; 
a . . 4 Pe at ¥ that is capable of take-off and 
Passengers may have internal screens : pam. 
: sod : landing, as well as cruising at 
linked to viewing cameras instead. : 
hypersonic speeds. 

















Fuel tank Passengers 

Airbus’ design would — This concept can carry . 
be fuelled by on-board up to 20 passengers = 
liquid hydrogen and ' along with two pilots. = 


liquid oxyqen, as well 
as ambient oxygen 
from the air. 












» Retractable 
turbojet engines 
Conventional engines are 
used during take-off and 
are then withdrawn into 
the fuselage, making the 
vehicle more streamlined. 
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Rocket power 


Next-gen airsnips 
Rockets take over from the iF re iit cell 7. 4 ice. the 


H / GH: -SPEED jet engines after take-off to 
HOLIDAYS Sona upper stratosphere 
} , ae Meet ZEHST, the Zero Emission High- 


‘ eft eM Deel ele ge ee 
Itmay soon be possible to a — 
watch the Sun rise in Paris . Se oe 


: | | Jet engines 

and set lhl Toky 0 ; | Subsonic jet engines are 

| " required for take-off and 
Most of us see travelling to the other side of the globe wher ian ill | 
as the trip ofa lifetime. Aside from the expense, | A 4 s ayaa Ean a 
these journeys take a very long time | 2 as ‘air-breathing’ engines, 
indeed. When we have to watch hours - Ban Ma the rockets require a 
upon hours of in-flight entertainment on - “a f om ised terra aaah 
long-haul flights, itleels like we're - 
lumbering through the air. 

Ever since the world lost Concorde in 2003 
we've been content to fly within the sound 
barrier, But the answer to our travel woes could 
be to punch right through it and go faster than 
any passenger plane has before. By flying at the 
upper limits of supersonic speed and into the 
hypersonic speed region, we could dramatically 
reduce travel times and change the way we explore 
the world. Liquid hydrogen 


eae ps. pee! : Two tanks of hydrogen 
The unique design of the aircraft has become are used to fuel the 
the main challenge for revolutionising air rockets and ramets. 


travel. Most passengers probably 
wouldn't be comfortable strapping 
into a rocket and blasting across 
the planet. Using a rocket for 
international travel would 

also be unteasibly expensive, 
complicated and bad for the environment, Ideally, 
the hypersonic passenger carrier of the future will 
operate much like today’s subsonic airliners. | 
Gee un be able to ta Ke theirseatsina Lightweight materials | a 
pressurised cabin, and the vehicle would be able to To Goginenscts tor the welaht Ramiets 


take-off and land unaided on a conventional runway. of multiple engines, the frame When the aircraft's speed reaches 
Engineers have decided that using multiple must be lightweight yet strong S100 hy a can be: ramined 
: b iia apa | Wee enough to endure high levels of through the ramjets fast enough for the 
engine types is the way to get this technology offthe aerodynamic drag. engines to produce thrust. 


ground. Typical jet engines could be used for take-off 
and landing; a rocket engine could then propel us to 
preat heights and speeds; and then the supersonic or 
hypersonic engine could take over. This would 
nevertheless be something ofathrill ride, as some 
designers believe their aircraft would have to take off 
near vertically! Those of us with a nervous 
disposition to flying may find it best to stick ta the 
relatively sluggish speeds of a jumbo jet. However, 
forthose holidaymakers and businesspeople who 
want to maximise the time spent at their 

destinations, and are willing to brave a vertical 
ascent into the atmosphere, hypersonic journeys 


will be the way forward. 
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Suppressing the 
sonic boom 


Whether you're going supersonic or hypersonic, 
breaking the sound barrier is loud. As a vehicle 
accelerates, the waves of air pressure being 
pushed along by the frame begin to merge into 
one single shock wave. This air can travel at the 
speed of sound but as a vehicle surpasses this 
speed, a drastic change in pressure results ina 
deatening clap - a sonic boam. 

The sonic boom is one major hurdle for 
aviation companies to overcome if hypersonic 
flight is going to be made available commercially. 
Concorde - the first and only public transport to 
break the sound barrier = was criticised for its 
volume and was only permitted to break the 
sound barrier over the ocean. 

Like many aerospace issues, it could be NASA 
that comes to the rescue once again. The space 
agency and its partners at Lockheed Martin are 
in the process of designing an aircraft with many 
lifting surfaces to stop the airwaves from 
combining. The result would bea series of small 
booms rather than one big one - lowering the 
sound output to that of a normal conversation. 
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NASA and Lockheed Martin's 
Ouiet Supersonic Technology 
(QueSST) X-plane design will 
be a step towards ‘low- 
boom’ supersonic travel 







Homi tanks “Hypersonic travel would 
Helium is used to pressurise the chan a ants way W/e 


propellant tanks, allowing liquid 


hydregen to be combusted in Px ns) 0 n= ‘i im =) ViVi a r | d Uh 


the rocket engines, 














Passenger cabin 


Up to 100 passengers : i 
can be carried in the an altitude , 
secliPeed Cabin: oO minimise air resistance 
‘ia : the ZEHST would climb 
3zZ2km above sea level for its 
journey = three-times 
higher than a Boeing 747! 


Streamlined design 
The pointed nose and narrow 
wingspan, reminiscent of 
Concorde, maximise the 
aerodynamics of the vehicle. 
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The Space Shuttle 
Discover the form of transport 
that has taken the human race 
into space 
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12 4 The Orion spacecraft 
How the replacement for 
NASA's Space Shuttle will take 
us to the Moon and beyond 


On board the 
SpaceShipTwo 

Will this incredible spaceplan 
kickstart commercial flights 
into space? 
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Voyager spacecraft 
What path have the Voyager 
probes taken and where are 
they now? 





128 


Hi6 





130 





132 





The MESSENGER probe 
Discover the first spacecratt 
to make the voyage to and 
explore Mercury since 1975 


Big Space Balloon 

How will this giant 
stratospheric balloon reach 
the edge of space? 


Space Shuttle 

payload bay 

Discover how this colossal 
craft delivers tons of supplies 
and tech into space 


Automated transfer 


3 vehicles (ATVs) 


Keeping the International 
Space Station fully stocked 
with the help of ATVs 








Solar-powered 
spacecraft 

Harnessing energy from the 
Sun, solar-powered probes are 
environmentally friendly 
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1 4 O Next-gen space planes 
~ How the next generation of 
aircraft will help us venture 

into space like never before 


‘In just five decades, 
space travel has 

truly come on leaps 
ond Bounds, and will 
continue to develop” 
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~» OnizApril,1981, the Space Shuttle 
launched into our skies for the first time as 
the orbiter Columbia lifted off from Cape 
Canaveral, Florida. This mission, STS-1, was the first 
in what would be 135 successful missions in 30 years 
of service. Two tragedies — Challenger in19é6and 
Columbia in 2003, both of which lost their crews — 
overshadowed the programme in its later years. But 
the achievements of the Shuttle were many. 

The Space Shuttle was born from a desire to make 
space more accessible, Following on from the 
expensive race to the Moon with the Soviet Union, 
the Shuttle was NASA's attempt to get back on more 
steady footing. After the US emerged victorious by 
landing on the Moon ini1969, President Richard 
Nixon wanted a new direction for NASA. They began 
to develop the Space Shuttle, a reusable method to 
reach orbit at what was hoped to be a lower cost. 

Originally, NASA had planned the Shuttle to bea 
fully reusable two-stage vehicle, both piloted on 





their way to space. Budget cuts, however, led toa still 
impressive but decidedly clunkier design of the 
shuttle that did not quite live up to the dream of 
reusability. The Shuttle launched strapped to a giant 
tank of fuel, with two side solid rocket boosters 
(SRBs) attached to give itan extra kick. The orbiter 
itself was reusable and could land ona runway, but 
the tank was expendable and the boosters had to be 
recovered from the sea, where they were damaged 
by salt. 

Despite its laws, the Shuttle was unique, 
Previously, astronauts had launched to space in 
cramped capsules. Here was a roomy vehicle that 
could launch seven people and with them satellites 
and other equipment to use or release in orbit. 


Thanks to the Shuttle we were able to launch and 


service the Hubble Space Telescope, perform 
countless experiments in orbit, learn more about 

human spaceflight than ever before and build the 
International Space Station. 


Three decades in orbit 


How this pioneering spacecraft 
helped open up the final frontier 


wie) weal 
female astronaut 
Sally Ride became the 
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1983. She flew aboard 

Space Shuttle Challenger 
onthe STS-7 mission, 
deploying communications 
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More than 20 Shuttle missions were 
dedicated to low-gravity research in 
aquest to understand the effects of 
OVC Mey een CM MOM Tepe ater d mln tee 
and physical systems. This was 
done aboard a specially designed 
Spacelab module, which was used 
tosee how cells responded to flying 
in space, among other experiments. 
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astronaut in space 
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space on Challenger's STS-& 
mission on 5 September, 1983. 
This mission released an 
Indian communications and 
weather observation satellite, 
Ream ey a 
Shuttle missions before leaving 
ete wees 


Longest mission 

STS-8o0 was the longest Space 
Shuttle mission, totalling 17 
TELA Pte 
Itwas flawn by Space Shuttle 
OLE MCMV mE Metra elm Oi 
eee i emcee ew mes Ten Lit 
should have been two days 
earlier bul bad weather 
prevented the Shuttle 
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onschedule. 


The Space Shuttle made spacetlight routine inan 


age where it had been anything but. It flew for the 
last time in July 2011 when Atlantis completed the 
515-135 mission. And although it comes inforsome 
deserved criticism, there’s no doubt about its huge 
impact on space travel, 


“Thanks to the Space 


Shuttle we could 
build the ISS” 











Launching Hubbie 
Areuably the most famous 
Shuttle mission, STS-310n 24 
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space Telescope taken to orbit. 
ltwas deployed a day laterina 
high orbit 612 kilometres above 
Earth to prevent it being 
dragged into the atmosphere. 


Fixing Hubble 

Four separate servicing 
missions betweenig9jand 
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properly. The first replaced its 
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been launched witha flaw. No 
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“One of the greatest Innovations, 
was that the entire Shuttle orbiter 
was designed to return to Earth” 






































How we made it into space 



































Inside the Space Shuttle 





How the design of this vehicle allowed it to perform groundbreaking science in orbit 


The design of the Space Shuttle incorporateda 
number of key demands that needed to be met, 
These included making it highly reliable, able to 
carry a large variety of cargo and making itas 
versatile in orbitas possible. Most of these conditions 
were indeed met, making the large majority of 
Shuttle flights a success. 

One of the Shuttle’s key successes was its cargo 
bay. Using swinging bay doors it was able to 
accommodate lots of different payloads, from 
satellites to experiments. The doors were 


designedtonotonlybesturdyatthetimeof || == 





components 


The major parts of the Space 
Shuttle that made it a success 





launch, butalso to be opened when inspace. 
Crucially, they had to close tightly for re-entry to 
preventany hot gases getting inside the vehicle. A 
zipper-like system ensured the doors would close 
even ifthey were distorted by temperature changes 
or Earth's gravity. 

Another key innovation was the use of the 
Canadarm, along mechanical arm that was used to 
deploy satellites and other tasks, On later missions it 
was used toinspect the Shuttle for damage following 
the Columbia shuttle disaster, whena hole in the 


===, Shuttle’s left wing caused it to disintegrate on 


The total cost of the Space 
Shuttle's 30 years of service 
was $196 billion (£152.2 billion) 


re-entry in February 2003, tragically killingallseven 
crew members, 

One of the greatest innovations, though, was that 
the entire Shuttle orbiter was designed to return to 
Earth asa glider, Because the main fuel tank was 
jettisoned on the way to orbit, the Shuttle did not 
have access to propellant during the descent even 
though its own engines were still attached. Usinga 
low glide angle and a long drift time, the Shuttle was 
able to return from speeds in orbit of 27,800 
|cilometres per hour to about 400 kilometres per hour 
when landing, 
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How the Shuttle took off and then returned to Earth 5. Orbit 
The Shuttle was able 
to stay in orbit for up 
totwo weeks ata time 














3. Main engine cut off 
AtT-plus 8.5 minutes the main 
engines cut off. Halla minute 
later the orbiter separated trom 
the fuel tank. 














2. Booster 
separation 
At T-plus2 minutes 
the nowempty solid 
rocket boosters are 
jettisoned and fall 
back to Earth. 






























4. Satellite 

deployment 
Once inorbit— usually at 
4ookm — satellites could 
then be deployed, 


6. Re-entry 

When the mission was 

aver the Shuttle would 

beangled at 40 degrees 
to begin re-entry. 











7. Gliding 
Once through the 

atmosphere the Shuttle 
Would glide unpowered 
to the landing site. 
















1. Lift-off 
S AtT-minuso 
® seconds the side 
ae boosters were 

ienited and the 
Shuttle (ifted off. 






8. Landing 

Having touched cown 
on the runway a 
parachute helped slow 
itto a stop. 
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‘It was the first time solid rocket 
boosters [SRBs] were used ond 


manned vehicle 








WEST 
The trailblazing missions that made the Shuttle a legend 

Just prior to that in 1995, the STS-71 mission 
heralded a new era in partnership between the US 
and Russia when Space Shuttle Atlantis docked 
NRG eM AO TeMU GP ms ers CMe ies LM LAeMB Ome le lome elec ROI Ng 
carried out the STS-88 mission that began the 
start ofa new collaboration, the construction of 
the International Space Station (155). 


The final mission, 5TS-135, launched on 6 July, 
POOR MARE ON Reet ie em me 


There were 135 Space Shuttle missions that 
successfully made it to orbit. All ofthese 
performed some incredible science. The inaugural 
launch of Space Shuttle Columbia on 12 April, 1981, 
was one of the most important, and itachieveda 
Ree Re ate med ects e meee 
boosters (SRBs) were used ona manned vehicle, 
ERO B MUO eee Met B teem ant es Bebe ten le R-jer: (msl epee 
had returned on a runway landing. 

The launch of the Hubble Space Telescope in 
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the Shuttle’s capabilities as a reusable spacecraft 
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was alsoimportant as it launched the Chandra 
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programme toa close. Atlantis delivered two 
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close one of the greatest technological 
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| 135 Shuttle missions 





O01. First Shuttle launch 
The first Space Shuttle launch was 
Columbia on 12 April, 1981. 


Challenger accident 
Just 73 seconds after launching, Space 
Shuttle Challenger exploded on 28 
january, 1986, 


J3. Hubble Space — 
Telescope deployed 
Space Shuttle Discovery successfully 
deployed the Hubble Space Telescope 
in late April 1990. 


5. Longest mission 
19 November, 1996. This was the longest 
Space Shuttle mission at 17 days, 15 
hours, 53 minutes and 
16 seconds. 


>, ISS construction 
The Shuttles took more than 45 per cent 


of the International Space Station's 
parts into orbit. 


07. Columbia accident 
On1 February, 2003, Space Shuttle 
Columbia disinteprated as it re-entered 





a - _ = Mir Earth's atmosphere. 
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a = = : : 29 June, 1995, saw the first Shuttle to . Final launch of Shuttle 
Fs cr rr 5 5 dock with Mirand the 1ooth US Atlantis launched on the final Space 
= i ; ta i manned space fight. Shuttle mission on 8 July, 201. 






Five key stats 


238.5mn km 100,000kg 


The distance covered by Space Shuttle Discovery, 
which travelled the furthest of all five Shuttles 
during its service, 
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The combined weight of the Shuttle, 
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upon its re-entry into the Earth's atmosphere. 


The proportion of the 
ISS's structure that was 
launched by the Shuttles. 





The number of astronauts that 
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2,000,000Kg 





Shuttle launch weight 
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lasting legacy 


Va baie OLRM Maree Ue Og CSM 
left behind a shining legacy of exploration 


International i 
Space Station 


[iit B bee elm em nme rol act 
human-made constructions 

of all time, This vast $100 
billion (£79. billion) station 
spans the.size of a football 

UCC Ms SCM Eis im ele E mela) eal epaie ing bY) 
paraig ls (sce pe ee ep 
assembled in space, and its 
construction arguably would not have been 
possible without the Space Shuttle. Today, 
astronauts continue to work on the ISS and 
conduct groundbreaking research not only into 
spaceflight but also into areas that improve our 
Tete nega gare 


Hubble Space 
Telescope 


Since its launch in 1990, the 
Hubble Space Telescope has 
Mars shee Ceti eom al bmalrr | glia 
recmelcee lee pice eae alice ese 
Matis) got es Pn Le] Oe tears Pcp gee 
SUR LEN Ee pes es nee ae 
million years after the Big Bang. It's 

taken Deep Field images of the cosmos, 
revealing a Vast number of galaxies, and closer 
Comp ene Mente eG lem elms Mie tt pe Gee lay 
Jupiter's moon, Europa. Still going strong, who 
ati emi tet B Eel etm ea eae 


Chandra X-ray 
Observatory 


Sill operational today, the E 
Chandra A-ray Observatory is A 
Sane) eee eee eer 
Observatories along with 
Hubble, the Gamma Ray 
Oboservatory and the Spitzer 
Space Telescope. Launched on 
Columbia in 1999. it has observed the 
universe in X-rays to help astronomers see into 
the centre of a supernova. It has found a galaxy 
being eaten by another and also observed the 
‘-ray emissions from thé supermassive black 
hole at the centre of our galaxy 
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were able to perform 
Ue ele ers pa ht ora | a ep a 
proved that cells could grow 
TMC es een ce we 
lack of fluid mixing. Experiments 
eae lteles yee ole Wnts] eee 
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long-duration space travel. It also helped test 
the limits of how humans operate in space. 
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“The crew module will use 
parachutes ond air bags to allow 
g cushioned touchdown" 
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How the replacement for NASA’‘s Space Shuttle 
will take us to the moon and beyond 


) The primary goals of the Orion spacecrait, 
ry which has been contracted to technology 





company Lockheed Martin by NASA, are to 
deliver crew and cargo to the International Space 
Shuttle and return astronauts to the moon after 
almost a 50-year wait. Orion made its first test flight 
in December 2o14.and is scheduled to complete a 
lunar mission by the early 20208. 

The Orion crew module is similar in design and 
appearance to the Apollo Command Module that 
first took astronauts to the moon. Itis three times 
the volume of the Apollo module with the same 70° 
sloped top, deemed to be the safest and most reliable 
shape for re-entering Earth's atmosphere at high 
velocity. The Orion module hasa diameter of five 
metres and a total mass of about 9,o00ke2 including 
the cargo and the crew, which increases or decreases 
slightly for missions to the International Space 
Station and the moon respectively, Unlike the 
Apollo module, which had a crew capacity of three 
people, the Orion module can carry between four 
and six astronauts, 

Attached to the crew module is the service 
module, responsible for propulsion, electrical 
power, communications and water/air storage. The 
service module is equipped witha pair of extendable 
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solar panels that are deployed post-launch in 
addition to batteries to store power for times of 
darkness. Like the Orion crew module, the service 
module is also five metres in diameter to providea 
clean fit between the two, and has.a mass of about 
3,700ke in addition to 8,300ke of propellant. 

Exerting 33,000 newtons (7,500 pounds) of thrust, 
the engine of the service module uses hypergolic 
fuels monomethyl hydrazine and nitrogen tetroxide, 
which are propellants that ignite on contact with 
each other and require no ignition source, Another 
benefit of these propellants is that they do not need 
to be cooled like other fuels; they can be stored at 
room temperature, 24 thrusters around theservice 
module will also give it control to change its 
orientation in all directions, but these are almost 3a 
times weaker than the main booster. 

Upon descent to Earth the Orion crew module will 
use a combination of parachutes and air bags to 
allow a cushioned touchdown on land orsea. The 
service module will detach in space and disintegrate 
in the atmosphere. The entire Orion crew module 
will be reusable for at most ten missions except for its 
ablative heatshield, which burns up on re-entry into 
Earth's atmosphere to protect the astronauts from 
the extreme heat. 
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JAXA PROJECTS 
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using private companies for 
transporting crew to the 155. 


SpaceX Dragon 


One of the competitors, the 
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transport crew nvenibers to 
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Boeing CST-100 
Puteri ha ee dee pita 
F to Lockheed Martin, Booing's 
capsule (similar in design to 
ita cate sists 
$18 m of funding from NASA 
and could launch by 2017, 
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Launch abort 
Ina launch pad emerpency, 
this rocket will litt the crew 

module and allow it to 
parachute safely to ground. 


Heat shield 

The ablative (burns on re-entry} 
heat shield protects the crew 
module as itreturmns to Earth alone 
before the parachutes deploy. 






Airlock 
The top of the crew module 
allows docking with other 
vehicles suchas the 8S.and 
lunar landers. 
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Crew module 
Able to accommodate up to 
six crew members, this 
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module provides asafe v8) bss Ba ee 
habitat forthem to stayin r ae ; 5 
during their journey. el Earth ed 
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Service module 

This module supports the crew 
throughout their journey, 
providing life supportand 
propulsion, before detaching 
upon Earth re-entry. 


Cargo 

Inside the service 

module, unpressurised cargo 
for the ISS and science 
equipment arestored, 


Spacecraft adapter 
Connects the Orion 
spacecraft to the launch 
rocket, anc also protects 
components inthe 

service module, 
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Could this be the vehicle that will take you to space? 





Virgin Galactic’s reusable spaceplane, 
SpacesShipTwo, ie} (ater pa Teta eeeeh ae ae 





pi lots and six passengers on the trip of 
Beta tia lemp ives ctlen eave NL Spaceship C oie ate H ay 
ere i of Virgi n Galactic, this vessel will be 
carried high into the atmosphere by the 
jet ns ywered aircraft Wh Hl at er a 7 ‘appa =i(a) as 
ae ayes ne its rocket engines fora brieftr ip out ra 
aipean syd d 
Ned mee nO DeeeL welt Rae on HME can ena OP R er mae, 
marvel at the view, andar ACen bEs hears for Pace tee 
optimum journey comfort, ithas been designed 
specifically withspacetourismin mind. 
Passengers will be able to look up atthe stars 
and downatthe Earth below duringa 
controlled flight ina spaceship that looks likea 
plane. After their adventure, they will glide 
back through the atmosphere, betore landing 
fee Bane li riky 
The Bes iea) et telcnel end Ae OC Ce Rea dates 

cle over the Mojave Desertin California 

dur nga test fightin 2014, but Virgin Galacticis 
determined to make the project a success. The 
second iteration of the craft was officially 
unveiled by Richard Branson on 19 February 
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Inside VSS Unity 
[Ete Mes fects sel el 
Virgin Galactic's 
passenger spaceplane 


Thrusters 


Positioned at the front of the 


spaceplane and on the wings, 
thrusters provide additianal 
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Galactic is paying close attention to safety, 
commenting ina statement: 


poked, prodded, stretched, squeezed, bent and 


thatany passengers WU! officially be 


explains: “Asa thousand- Vear-old saying foes. 
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Fuselage 
The body and nose of the 
plane are constructed 
Dicteci reins 



























The first powered en 
VSS Enterprise shows the - 
spaceplane in action 


level ofindividual pieces and components, we 


twisted everything used to build these 
vehicles.” The next step is to test the fully 
assembled spacecraft, first on the ground, then 
cur bp tea eH tte = flights, and finally in rocket- Windows 
ieee arse 
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powered tests. 
Whenitis ready, V55 Unity should achieve 
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recognised as astronauts by NASA—and could 
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passengers take to the skies, Virgin Galactic 
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testing, we will find it.” 
Cockpit 
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panel in the cockpit. 


Passenger cabin ‘ 
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Articulated seats 
The passenger seats are 
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the discomfort of G- ‘forces, Thrusters 
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VSS Enterprise crash 


After 55 successful test flights, the first SpaceShipTwo, V55 
Enterprise, broke apart over the Mojave Desert in California, killing 
co-pilot Michael Alsbury. SpaceShipTwo is equipped with a 
‘feathering system’, designed to rotate the tail and wings for a 
smooth descent through Earth's atmosphere, but Alsbury unlocked 
it too early. With the rocket engine still firing, and with VSS 
Enterprise travelling at a litthe under the speed of sound, the 
feather system deployed, pulling the spaceplane apart. The other 
co-pilot, Peter Siebold, managed to parachute to safety. However, 
the computer system should have prevented the disaster, and it 
has been changed for the new SpaceShiplwao. This time, it will not 
be possible for the crew to unlock the feather system too soon. 
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compares to other 
high fliers 


SpaceShipOne 
H2km 


—_— 
ee 


SpaceShiplwo 
ii0km 


> 
_ 
—* 
a _- 
eos gee 
configuration 
The wings move Highest manned E 
Wye cake aise me Le balloon e 
slowing descent. wen : 
SR-71 Blackbird |= 
26km = 
ill. 
Concorde 
i8km 


Airbus AZ&0 


a A 


ff 


Ruppell’s AC-1354 
griffon ‘Vomiit- 
vulture Comet’ 

iikm idkim 


Virgin Galactic 
hopes to take 
Liege Olam em 
dg )eb cee] ere be 





HALA 
= aa 





“The probes have studied 














launched from Cape Canaveral in 
Florida aboard a Titan-Centaur 
Ce cM NCstes POOP OPEM OBL Rcies AMMO eee meee Ce dt 
ambitious deep space exploration missions 


% On 20 August 1977 Voyager 2 





How the furthest man-made objects from Earth work 


PVUCM NEU ATereeceB Tithe Celene ee rcd nay 
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way out of the solar system. They are both 
expected to pass out of the Sun’s influence 
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all the major planets of the 
solar system past Mars” 
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years, although itis not entirely clear when 
this will happen as no machine has yet 


of all time. Two weeks later Voyager 1was 
sent up in an identical launch, although its 
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MAST eee Se Teme rs eek 
overtook Voyager 2. The list of 
accomplishments by the two probes is 
SIRO LP POLONO =e ace M tere) OOS eT Mele are hs 
studied all of the major planets of the solar 
system past Mars, in addition to some moons 
WOM MA iCms nice Berita t Cen ON ta a er Mme] W eM osm aon 
discoveries in the process. Now, asthe 
furthest man-made objects from Earth, they 
TPO ARAT EMG TTA AOTLMN Mii Catce)e esis 

The launch of the mission coincided witha 
favourable alignment of the planets in the 
seventies that would allow Voyager 2 to visit 
Jupiter, Saturn, Uranus and Neptune, The 
list of achievements by the two Voyager 
spacecraft is extensive. The Voyager mission 
EES mei eee eri ter ic mae ie eed 
BRE RRL Mio] e Mal Leek mie it 
and then Saturn, but italso discovered the 
existence of rings around Jupiter, while 
Voyager 2 was the first mission to visit 
Uranus and Neptune. 

The primary objective of the mission was 
COP AT GMM iD la) (ccm Bate cr lana y meee Me) ee LE 
became apparent that the spacecraft could 
MOTSPH LON e ld ater em Ge eM T cd eM mee dt ciale sca 
to include Neptune and Uranus for Voyager 2. 
ieee ees ei eMechu mars \u-)i (eRe Bibicemalt ls 
NASA decided to extend its mission to Saturn 
and its moon Titan, leaving the dwarf planet 
Pluto one of the largest bodies in the solar 
system yet to be explored. 
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their radioactive penerators, which have kept 
ute MU TOD ON TNE SM sat ees mci Cm be esr eed cies pte 
eevee rthand will continue to do so until 
PLL eter MnU un teCy AUN betap eye ucre steele) 
to power their instruments. Voyager 1is 
OSU C AL el lame ONS COUR Ca Tenn Se cce bens) 
billion miles) from the Sun, while Voyager 2 
ese ROPE ON MR eRe) MOM OTTO OM aN eb ae aor 
(5.5 billion miles). 
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" starin the constellation of Camelopardalis 
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probes are about to endure, 

In 40,000 years, Voyager1should be 
within 1.6 light years (9.4 trillion miles) ota 
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thought to harbour a planetary system. 
256,000 years later, Voyager 2 will be 4.3 light 
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fenerapors (RTGs) supply electrical 
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but currently supply about 315 watts, 


Instruments 

On board both probes is a science 
eve C eR Uda CATA tat al lotlee 
including those to measure solar 
Wind and those that can detect 
low-energy particles, — 


Antenna 
The high-gain 
antenna (HGA) 
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What's going on inside the 
long-distance probes? 


Communication at 

It takes 16 hours fora message from the Voyager 
probes to reach Earth. However, they're notin 
constant communication, and only 
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to measure nearby magnetic field 
intensities, which was used to study the 
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What path have the Voyager probes 
ee taken through the solar system, and 
a where are they now? 













Date reached: 24/1/86 





Heliopause Date reached: 25/8/81 
Thisis where the Sun's influence | ) 
is. almost non-existent and the 
Voyager probes will enter the 
interstellar medium, the matter | at : 
between starsin our galaxy, No Termination shock 
oneissure how far the probes Al the edge ofthe heliosheath, the 
are from this point. 3 = Sun's influence in the form of solar 

: wind slows dramatically and 
heats up atan area known.as the 
termination shock, which a 
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On16 November 1980, 
Voyager 1 looked back at 
Saturnand snapped this 
picture four days after it 
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Bow shock 





Heliosphere 

Oursolar system is contained 
within an area of space where = 
the Sun exerts an inthuence, 

known.as the heliosphere. 


be, 





eM 





“MESSENGER's mission 
comprises six main goals” 
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Operator NASA /AP| 
Dimensions: 1.42 «1.85% 127 
metres (56 73x50 inches) 
Launch vehicle: Delta || Rocket 
Launch date: 5 4uqust 2004 
Orbital insertion date: 

lf March 2011 

Which planets have had 
MESSENGER flybys?: One 
Earth flyby, two Venus flybys, 
three Mercury flybys 

Mass: 50 9kg (L.12O0ibs) 
Power: Maximum of BOW 
from two solar arrays and ll 
nickel hydrogen batteries 
Status: Collecting data in 
Mercury orbit as of 4 April 20) 


Anartist’s impression of MESSENGER 
approaching Mercury 


Discover the first spacecraft to 


explore Mercury since 1975 


MESSENGER, an acronym short for 
ii Mercury Surface, Space ENvironment, 

=| GEochemistry and Ranging, isa probe 
launched by NASAin 2004 to study the planet 
Mercury in our Solar System. Aftera journey of 
7.9 billion kilometres (4.9 billion miles}, 
MESSENGER finally entered Mercury’s orbit on 17 
March 2011, 

Mercury has remained one of the most 
mysterious planets in the solarsystem, not 
having been studied closely since Mariner 10's 
fhybys more than three decades ago. Inaddition 
to being the smallest inner planet, Mercury is 
also the most dense and has the oldest surface. 
Scientists believe that learning more about 
Mercury will help us to better understand how 
the other terrestrial planets -— Venus, Earthand 
Mars -—came to be. 

MESSENGER'sS mission Comprises six main 
goals. It will determine the structure of 
Mercury's core, reveal why the planetisso dense, 
find out the nature of its magnetic held, measure 
the gases in the exosphere, solve the mystery of 
unusual materials at the poles, and delve into the 
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orbit insertion 






planet’s geologic past. Although launched by 
NASA, MESSENGER was designed and builtat the 
Applied Physics Laboratory at Jahns Hopkins 
University. It carries seven instruments to collect 
data and images, housed together ona small ; 
pallet. MESSENGER also has two rotatable solar 
panels, which generate energy stores in ! 
batteries, as well asa large thruster for deep bE. 
space manoeuvres, foursmaller thrusters for .: 
steering, deep space transponders and antennae : 
for communication and an integrated electronics 
module that allows the probe to be controlled 
from the ground. 

MESSENGER had already made some 
significant discoveries before entering Mercury's 
orbit. During the flybys of the planet, the probe 
surprised NASA by revealing that the upper layer 
of Mercury's atmosphere contained water. Italso 
collected data suggesting that the planet hasa 
liquid core and may have had volcanic activity in 
the past. MESSENGER is scheduled to send back 


MESSENGER flyby dates 


| | DSM1 DSM? DSM3 
e—e 


data and images from Mercury's orbit forone 03/08/04 02/08/05 24/10/06 05/06/07 14/01/08 06/10/08 
ear. When it was no longer operational, the care oer Venus Venus Mercury Mercury 
aoe | eee ’ launch flyby fly-by fly-by fly-bry flyby 


probe crashed into the planet. 


NASA didn’t send another spacecraft to explore Mercury forso long 
because itwould have requireda very large, powerful launch 
vehicle and too much fuel for the mission to be practical. In198s, 
scientist Chen-wan Yen suggested a trajectory that would 
ultimately allow a probe to launch as part of NASA's low-cost 
Discovery program. The probe could not be launched ona direct 
path to enter Mercury's orbit, because the gravity of the Sun would 
have accelerated it right past the planet. Instead, ina series of flybys 
jof Earth, Venus and Mercury itself} the probe used each planet's 
fravity field to slow dawn. Deep space manoeuvres, in which 
MESSENGER fired its rocket thruster for anywhere from a few 
seconds toa few minutes, allowed the probe tospeed up when 
necessary or change course. While it took almost seven years to 
reach Mercury, this also meant that the probe used very little fuel. 


This first imape taken fram Mercury's orbit 
was shotby MESSENGER on a9 March 2011. lt 
AL AA ACM ALDI e ODOM SUMP ECA bl 1 eed ae 
including a brightcrater called ‘Debussy’ 










MESSENGER flybys and 
deep space manoeuvres 


1. Earth flyby and DSM 1 

The Earth flyby took place on 2 August 
2005. Then the probe made its first DSM by 
firing its large thruster to change trajectory 
towards Venus. 

2. Venus flybys and DSM 2 

On 24 October 2006 and 5 fune 2007, 
MESSENGER conducted fhybys. of Venus. 
Another DSM resulted ina course 
correction to put the probe closer to 
Mercury s orbit. 


3. Mercury flyby Land DSM 3 


The probe reached Mercury on 14 January 
2008, then fired its thrusters again to 
speed things up for another flyby 


4. Mercury flyby 2 and DSM 4 
On 6 October 2008, Mercury conducted 
another fhyby of Mercury. A fourth DSM 

slowed the probe to allow it to be ‘captured’ 


DSM4 DSM5 Mi 
>< »o | by eecury spravitational Het, 
~ = 5. Mercury flyby 3 and DSM5 
29/09/09 18/03/11 The third and final flyby of Mercury took 
Mercury Mercury place on September 292000, The fifth DSM, 
fhy-by orbit on 24 November 2009, slowed the probe 


further forentry into Mercury's orbit. 
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Hiding near 
As the innermost planet, Mercury's orbit gets 
no further than 70 million kilometres (43.5 
million miles} from the Sun, compared with 
Earth’s152 million-kilometre (94.4 million- 
mile} orbit. This closeness means that the 
planet is difficult to see from Earth, because it 
gets lost in the Sun's glow. Itcan sometimes be 
seen during sunrise or sunset, depending on 
your location and the time of year. 
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E Energetic particle and plasma MESSENGER 


| spectrometer (EPPS) 
© The EPPS uses two different spectrometers 
Ss tomeasure charged particles. One 








anatomy 













4 measures them in the magnetosphere and 7 ve 
Ss the other measures them on the surface. Solar panel 
- —+ These two solar panels provide 
Z : 7 ~ 640 watts of power, whichis 
_ Gamma ray and neutron stored in 11 on-board nickel 
_ spectrometer (GRNS) hydrogen batteries. 


ai GRNS measures gallina rays as 
emitted by atoms struck by cosmic *s 













) rays, as wellas variations in types of Sunshade 

neutrons struck by cosmic rays. The probe's sunshade 
e q 2 instruments from heat and 
eB radiation from the Sun. 

Lo a 
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. = 
Mercury dual 
imaging system 

» (MDIS) 
| This instrument 
comprises two 













1 | cameras - one “ 
- 4 narrow-anpleandone . 
> ) wide-angle -that will * 
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three-metre boft) boom, to measure 
Mercury's magnetic held without 
Se ee the probe's field. 











Mercury laser altimeter (MLA) 
The MLA measures the height of land formations 
and other features by detecting infrared laser 
light bounced off the planet's surface. 











* Mercury atmospheric and 
surface composition 
spectrometer (MASCS) 
Thisinstrument comprisesa 
spectrometer, which measures 
ultraviolet light, and aspectrograph, 
which measures reflected infrared 
light on the wavelength of ironand 
Silicate materials, 






















X-ray spectrometer (XRS) 
This instrument detects light an the x-ray 
spectrum on the wavelength of the 
minerals magnesium, aluminiiun, 
Sulphur, calcium, titanium and iron. 
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once it has 
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thin atmosphere, it 
will reach a 
diameter of 100 
metres [330 feet)” 
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How will this giant balloon perform 
experiments at the edge of space? 

Pe) The BigSpace Balloon will be composite materials for strength and 
Britain's largest high-altitude durability. Filled with scientific instruments, 
2 research balloon,takingexperiments thecapsulewillstudythe Earthand its 

uptotheedgeofthecosmosandexploringthe atmosphere froma height of 40,000 metres 






upper echelons of Earth’satmosphere. Once it (130,000 feet). At the end of its mission the 
has been funded it will launch, carryinga capsule will parachute safely back to Earth, 
capsule full of scientific experiments to study where it will be recovered and potentially 





the Earthandits atmosphere, beforereturning used againin othersimilar missions. 
to our planet and possibly being re-launched 
inthe future. 

The balloon will be almost 75 metres (245 
feet) tall and, once it has expanded inthe thin 
atmosphere, it willreach a diameter of100 
metres (330 feet) anda volume of 400,000 cubic 
metres (14 million cubic feet). lt has been 
designed to provide a low-cost alternative to 
taking a payload into orbit compared toan 
expensive rocket launch. The entire balloon 
and capsule system will be roughly twice the 
height of Nelson's Column and almost as wide 
as the height of the most powerful rocket ofall 
time, the Saturn V. The design is asuper- 
pressure balloon envelope, which is designed 
to survive several days at the border of space, 
The balloon material will be made from1oo 
percent recycled polythene. 

Attached to the balloon bya cable willbea 
capsule 2.9 metres (9.4 feet) talland two metres 
(6.5 feet) wide. This will be made from the latest 
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Inside the 
capsule 


Upper 
The upper section of the capsule will 
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steadily releasing nitrogen, which 
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the capsule to 

the balloon. 
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One proposed experiment is a laser 
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The majority ofthe capsule's 
experiments are located in the 
central section. The capsule’s doors 
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experiments tospace if needed. 


Cameras 

\ The capsule will be monitered 
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THE MISSION STEP BY STEP 
We take a look at the Big Space 
Balloons proposed seven-day journey 








4. Target 
After two hours the balloon will 
have reached its target altitude of 
gokmi2zgmijancda maximum 
volume of 400,000m (14m ft}. 








5. Descent 

To begin the journey home, an 
explosive panel detonates a hole 
In the envelope so the balloon's 
return to Earth can be controlled. 






3. Stratosphere 

On the envelope is a series of 
photovoltaic cells, which convert 
solar energy into electricityas 
the balloon rises. 













2. Ascent 

Asatmospheric pressure drops the 
balloon starts to swell, because the gas 
inside is able toexpand more easilyand | 
pushes out the thin polythene material. 





6, Parachute 

Atabout3kma (1.9m) the landing 
parachute isreleased, returning 
the capsule safely to the surface 

soit can be recovered. 










7. Landing 

The deflated balloon lands 
separately and is also recovered 
after completing its mission. 






1. Launch 

On the ground, a crane will hold 
the capsule stationary as the 
balloon is filled with a mix of 
hydrogen and helium gas. 
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We speak to the project director of 
the Big Space Balloon mission 


How it Works: How and 
why did you get involved 
LCE tp oe Olen ey 

aia dele 
Space Balloon is an idea I've 
been working on for a couple 
| ee ee 
generation growing up 
during the Apollo missions, 
Skylab, Soyuz and then the 
Space Shuttle, so I've had a 
NiteyCe stem alee eebde geal e re owe) ele 
ere eh eee ee oa 
exciting to use some of the 
latest technologies such as 
printed solar cells and 
additive layer manufacturing 
to build a substantial vehicle 
ALO ee ce 
edge of space and see the 
images of the Big Space 
eral U A S| e le mag 
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balloon for this project? 
RC: A big stratospheric 

seal fee] bee] eLee el Cen ieee 
reasonably substantial 

eye alerr eRe] PMCS BTsites] ce) a i 
Into a space environment. 
The Big Space Balloon will be 
STAM Ce mes celts] ees cess 
weight - including the 
science capsule - of around 
one ton. This should allow us 
to carry up to half a ton of 
science equipment. Although 
there is now a lot of great 

aie ume cee ete ee Lay 
mini-payloads and balloons, 
there are still areas where 
the bigger the kit the better, 
particularly with imaging and 
sensing devices. 


TL MEM itso ewe nero l let 
launching this balloon? 

RC: There is a range of 
challenges [we may face]. 
Uh Nant lhe ep ae mm eee 
fabric tearing during launch. 
The material used for most 
large stratospheric 


projects tends to be a very 
ielalanicl ie nme le ne cla ee 
UNF PMD ee 
supermarket carrier bag, 
Hopefully we've arrived ata 
size that's [thin enough but 
fa (Wes 0) od Oe ee mara 
enemas ee ise Tia 
printed solar cells we can 
make a stronger composite 
balloon material. This will 
probably mean a heavier 
Fes en tiae ee ee mee 
to break any altitude records, 
it's not too critical if we only 
achieve, say, [38,000 
metres] 125,000 feet instead 
of [4,000 metres] 135,000. 


Len @e lew em eal = 
hold for space balloons? 
RC: The hope is that the Big 
Space Balloon's science 
capsule could be reused in 
eat sl sl 
the Big Space Balloon to act 
Sows Bee 1M (0 Ga ROR Cotas BL main 
technologies in the space 
environment, such as printed 
solar cells on the balloon 
ease] 8 Mal anes) Fe esl 
the way for a new way of 
powering future spacecraft 
algeaes| (eget elem sks g 
manufacturing (aka 3D 
printing) is another process 
I'm aiming to use in the 

es) 0)sersidte ee) mag eee 
capsule, as this allows fairly 
complex and bespoke 
structures to be 
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the computer. 

There's also the possibility 
eM UT eee CM AE e) ele Lay 
TeLeee alts (erodes) amen tele 
of the instruments the 
science capsule may Carry 
ate] 0 Mo ees [alia ee 
organisms in the Earth's 
upper atmosphere - 
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then transferable to a future 
ree  ets a 





In the case of human payloads, these 
were delivered vig an airlock located 
gt the front of the shuttle” 
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Chandra X-ray Observatory - weighed in at 22,753 kilograms 
(50,161 pounds) on Space Shuttle mission STS-93 in 1999. 
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How do these European resupply 
craft keep the ISS fully stocked? 


The European Space Agency's automated 
transter vehicles (ATVs) are unmanned 
spacecraft designed to take cargo and 
supplies to the International Space Station (155), 
before detaching and burning up in Earth’s 
atmosphere, They are imperative in maintaininga 
human presence on the [S5, bringing various life 
essentials to the crew suchas water, food and 
oxyeen, inaddition to new equipment and toals for 
conducting experiments and general maintenance 
of the station. 

The first ATV to fhy was the Jules Verne ATV-1in 
2008; it was named after the famous 1oth-century 
French author who wrote Around The World In &o 
Days. This was followed by the (astronomer) 
Johannes Kepler ATV-2 in February 2011, and will be 
succeeded by the |physicists) Edoardo Amaldiand 
Albert Einstein ATVs in 2012 and 2013, respectively. 





ATV docking 
siege 















After launch, the Ariane 5's 
| Mainstage gives the ATVan 
additional boost to send it 

onits way to the ISS. 








The ATV mission differed somewhat from the 
subsequent ones as it was the first of its kind 
attempted by the ESA and thus various additional 
procedures were carried out, such as testing the 
vehicle's ability to manoeuvre in close proximity to 
the ISS for several days to prevent it damaging the 
station when docking. However, forthe most part, 
all ATV missions are and will be the same. 

ATVs are launched into space atop the ESA’s 
Ariane 5 heavy-liftrocket. Just over an hourafter 
launch the rocket points the ATV in the direction of 
the [SS and gives ita boost to send it onits way, with 
journey time to the station after separation from the 
rocket taking about ten days. The ATV is 
multifunctional, meaning that itis a fully automatic 
vehicle that also possesses the necessary human 
safety requirements to be boarded by astronauts 
when attached to the ISS. Approximately 60 per cent 
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- Position relative tothe 
= stellar constellationsand 
—— = Earthsoitcanaccurately 
=" locate the space station. 
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ofthe entire volume of the ATV is made up of the 
integrated cargo carrier (ICC). This attaches to the 
service module, which propels and manoeuvres the 
vehicle, The ICC can transport 6.6 tons of dry and 
fluid cargo to the ISS, the former being pieces of 
equipment and personal effects and the latter being 
refuelling propellant and water for the station. 

As wellas taking supplies, ATVs also push the ISS 
into a higher orbit, as over time itis pulled towards 
Earth by atmospheric drag. To raise the ISS, an ATV 
uses about four tons of its own fuel over 10-45 days to 
slowly nudge the station higher. 

The final role ofan ATV is to act asa waste- 
disposal unit. When all the useful cargo has been 
taken off the vehicle, itis filled with superfluous 
matter from the 155 until no more can be squeezed 
in. Atthis point the ATV undocks from the station 
andissent to burn up inthe atmosphere. 









Locking on 
When it's 300m (984ft) from 
| the (SS, the ATV switches to 
a high-precision rendezvous 
® sensorcalled the video 
meter to bring itin to dock, 
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iencta LO. /M (35.1ft) DIAMETER A he) ag (14.8ft) span VIM ie (73.2ft) 


VOLUME 48m- (1,695ft?) LAUNCH MASS 20, /OOkg (45 636lb) 
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Propulsion - Liquids - 
Thespacecraft module Non-solid cargo, Docking 
ofthe ATV has four including drinking Inside the nose of the ATV 
main enginesand 28 water, airand fuel, is are rendezvous sensors 
small thrusters. stored in tanks, and equipment that allow 
the ATV to slowly 
approach and dockwith 
the ISS without causing 


damage to either vehicle. 


Like most modules 








on board the ISS, a 

micrometeoroid 

shield and insulation 

blanket protect an 

ATV from small Equipmentis stored in 

objects aay payload racks. These are like On board the ATVisa 

Strike it space. trays, and must beconfigured high-precision navigation 
to beable to fit into the same system that euides the 


sized berths on the ISS, vehicle in tothe [S5 dock. 
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Solar power 
Foursilicon-based solar 
altaysinanXshape provide 
the ATV with the power it 
needs to operate in space. 


Two laser beams are 
bounced off mirrors on the 
ISSs0the ATV can measure 
its distance from the station, 
approaching at justa few 
centimetres a second. 


The ISS moves 100m (328ft} 
closer to Earth daily, soto 
prevent it falling too far 
ATVs use their main engines 
to push itinto a higher orbit. 











The MPLM was 
transported inside 
NASA'S space Shuttle 






Other resupp 
vehicles 


The ESA's automated transter vehicle isn’t the only 
spacecraft capable of taking supplies to the ISS. Since its 
launch, three other classes of spacecralt have been used to 
take cargo the 400 kilometres (250 miles) above Earth's 
surface to the station. The longest serving of these is 
Russia‘’s Progress supply ship, which between 1974 and the 
present day has completed over1o0 missions to Russia's 
Salyut 6, Salyut 7and Mir space stations, as well asthe ISS. 

Succeeding Progress was the Italian-built multipurpose 
logistics module (MPLM}, which was actually flown inside 
NASA‘s Space Shuttle and removed once the shuttle was 
docked to the space station. MPLMs were flown 12 times to 
the ISS, but one notable difference with the ATV is that they 
were brought back to Earth inside the Space Shuttle on 
every mission. The ATV and MPLM share some similarities, 
though, such as the pressurised cargo section, whichis 
near identical on both vehicles. 

The lastand mostrecentresupply vehicle is the Japanese 
H-1] transfer vehicle (HTV). Ithas completed one docking 
mission with the [55 to date, in late 2009, during whichit 
spent 30 days attached to the station. 





Inthe case ofan 
emergency the astronauts 
canstop the ATV moving 
towards the (SS.or propel it 
away from the station, 





“Practical solar cells only became 
reality thanks to the development of 


new semiconductors such as silicon” 





Solar-powere 





Harnessing energy from the Sun, solar-p ~~ ares, probes like J 


taking environmentally friendly technology farther ent ever | 


a2) When you're launching a space probe 
Cee Meneses elm et Bet em at sare ed (eres ete 
= counts. Every aspect of the designisa 
compromise between weight and scientific 
capability. With engine fuel at a premium, and 
batteries heavy and limited in life, solar cells 
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—are an ideal way of generating power. 
Solar cells rely on the photoelectric effect, 
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materials when they are struck by light. The 
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and explained by Albert Einstein in 1905. It 
arises when individual photons of light 
LOG taNereee acetate OiCe ecm -JOLeL FROM cia Led eee) 
charge-carrying subatomic electrons to break 
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However, practical solar cells only became a 
reality thanks to the development of new 
semiconductor materials such as silicon and 
SE VAPUERI RP eciel 00s CCM OPM RO TSM OUST O RAW creee Deh 
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For more far-flung missions, however, there's 
a stumbling block: the energy available from 
sunlight drops proportionally with distance 
from the star. Asa result, solar energy has until 
UMM MU Mie R UG lemelel ome remen lel s 
missions to the inner Solar System (ie as far out 
as Mars). Advances in the efficiency of solar 
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larger arrays (each carrying many separate 
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demonstrated by the Juno mission to Jupiter. 

While most spacecraft still use solar cells 
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increasing number are using them for 
propulsion too. Solar-electric, or ‘ion engine’, 
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of the engine at extremely high speeds. The 
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be sustained for months or even years with just 
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use on complex missions such as the Dawn 
probe currently touring the Asteroid Belt. 


Juno's primary objective is 
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Harvesting solar 
power at Jupiter 

Launched in August 2011 and arrived at Jupiter in 
2016, NASA's Juno mission will push solar power 
technology to its limits in order to give us a 
unique new view of the largest planet in the Solar 
System. Previous probes to the outer Solar 
System, such as the Voyager missions and the 
Cassini orbiter, had to carry a radioactive power 
source with them, but advances in solar cell 
design - specifically the use of highly efficient 
multi-junction photoelectric materials made from 
crystals of gallium arsenide - will enable Juno to 
operate despite receiving just four per cent of 
the sunlight available at Earth. 

Three huge solar arrays will generate 486 
watts of power, roughly half of which will be 
used to keep the spacecraft warm, while the 
other half powers Juno's flight systems and 
scientific instruments. Juno's orbit will carry it 
high above Jupiter's poles, and as it will spend 
long periods of time in the gas giant's shadow, 
the power will also be used to charge a pair of 
lithium-ion batteries that should keep the 
spacecraft operating while it’s in the dark. 
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to remain stable. 


Communications 
Stabiliséed by Juno's slow spin, the 
Aiea ets DCm AR ec ees 
on Earth throughout the mission, 
allowing radio communication. 










See juno spocecroft eo 
J P re Ready for radiation 
Launch: 5 August 201) All Juno's electrical components, 
Launch mass: including the solar cells, are 
3.625kq {7,992 1b) Pyel-tm ramet (eg 4 deme ele | mg 
Jupiter arrival: the harsh ‘radiation belts’ around 
July 2016 Eye wt eC oe 
Number of jupiter orbits: 33 components are still expected to 
: fail after 15 or so months. 
Planned orbit altitude: 
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three panels, with the place 
of the fourth taken by a 
magnetometer for studying 
Tels} dae pare leat emda 


Key instruments: 
UY imaqgerspectrometer, plasma 


detector: radia ’olasma wave 


experiment six-wavelength 


nicrowave radiometer 
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Space pian 


Discover how this new generation of aircraft w 
help us venture into space like never before... 


a2) Getting into space is no mean feat. 
Since the dawn of the Space Age we 
* have relied on large, expensive andat 
times dangerous launch vehicles - namely 
rockets -to give payloads the necessary 
altitude and speed to get off our planet. Rockets 
use a huge amount of fuel, they're not reusable 
ReTsjUTM SMG Nsom oe Sel pteic] ec Rsle Peel oaars | erm beled 
importantly, they have been known to fail with 
A) AR=pOMO PEt Te eel Paar ar =ep0 (10m r-ee el baa aes 1 mT 
there was another way to travel off our world? 
The holy grail of space exploration has long 
been to design some sort of vehicle that can 
launch from the ground, journey into space and 
CePA RCO TC MHI ORAS) Bel Lea OLe 
expendable components and minimal risk. 
ep ers (awa) FU Peer t=eni ee pecs: ears | at Leela 
touted (and partially tested, as we'll explain 
ELcepe ee Othe eR One (meer meen mesy cem eee Oa 
runways, travel into space and return to Ea ada 
As their name would suggest they are 
essentially aeroplanes, but witha key 
SURI adh b mom ALA PA om ee] ars |e) eel ese Derm ee lame 
the forgiving atmosphere of Earth and inthe 
much harsher environment of space. 
The first space plane of sorts was the rocket- 
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fastest manned vehicle ever launched and SpaceSh TA Ce 
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performed what is known asa suborbital era Virgin Galactic’s eight-seater Spacesniplwo Uniike SpaceShip wo, California-based 
one Era poiete space plane will take off fram Virgin's own OG) ewes) alee es) ely a ecw alee cee pretoee || ee 
where a vehicle reaches the Tee ele ay i ay ete Soaceport America in New Mexico. It will be by itself. Carrying one pilot and just one , 
and returns to Earth but does not enter ‘eee carried by a larger mothership - Rae a scesl we ae mers ees] ee mee) 
Only two of the multitude of flights it performed WhiteKnightTwo - before detaching in the ee PP SIBL (Oars Mena yc Mesa) n ee el a 
| a | | ie ae ae Gia) ms pa ee Ste a csi ee ee 8 about *S degrees before levelling out into - 
Cee Tete eR eee Meo mee amie seemed eee Metco m et clem atid tcl| iy ia] el eA bites ele Mass Mechae(enlnle Reger: site pm all | 
the concept ofa space plane nonetheless. for space tourism, with 400 passengers begin flights in the near future and this 
Since then we have seena few other already paid up, and will aim to begin flights in oe spaceshin’s development as been halted. 
| ane: late-201 //early-2018: ie. 
pretenders take to the skies. NASA's Space 
m)PELMA Camis bees gers tMem eta p sem Dame Neel ae mm best 
Ai LeCcOM ers aM cem et TGMOesD Mem me) tiie) lela bars 
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rocket it was never regarded asa true space 
plane, The Soviet-built Buran spacecraft 
ST eCe] GUL m COM TNLe LM OM eel —e-t: Ba tL mOnTs POUL ee 

tal ee Om GO Me eNe Rt Bee -Mers Pam =9 Ga) -1 0) m8) 
SieeManee=etes nih oe-j es mies) E Be eer Lees 
different design. The vehicle that has garnered . , 
the most attention in recent years has been . 
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PRIZE FLIGHT 


In 2004, SpaceShipTwo’'s predecessor SpaceShipOne completed the first 
MUON HII e MOM LU LCE ere MUM ULE ONE Melati me) OPED Ce TIO BLP TiC 
Melvill, scooping the Siomn (£6.6mn) Ansari X Prize in the process. 
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Spaceport vs airport | 


Uae c-Rel ee ote ee | a med ete eee mellem ee 
ip meet Pete leet me ele eele- e oe) me Oe: | lcel gall B- Tne 
lee eet ee 
Spaceports must be able to support the added force 
Biter it -lem eld beset ersie Bar Beeld ems elem n esl lem tials lia p 
Thus, runways must be reinforced and also longer than 
conventional ones as space planes require a longer 
distance to accelerate and brake. 
Spaceports also need training facilities to prepare their 
latebetei ese eee ( lO e eee elle) De aL) eel 
Jaunch sites, spaceports benefit from being placed near 
. the equator too. This allows the aircraft to get an added 
boost from the rotation of the Earth, making it slightly 
a easier (and so less costly) to reach orbit than if they were 
launching farther away from the equator. 
























Spaceport America in New Mexico, 
USA, is Where Virgin Galactic’s 
SpaceShiptwo will be based 








Skylon 
UK-based Reaction Engines Limited's Skylon 
Will launch on top of a rocket (probably an WF [Esmee a eee ere tae etre 
Ve Ree eee le ees |e) Meg ames nee else ee eer tae 
dock with the (55 before gliding back to Earth return to Earth in a single unit-and could carry 
CER edge eee me eee | oe 24 passengers. Development is ongoing and 
NASA awarded it a contract under CRS2. DER ema L UIE tee ce ar eel c ers om cee | 


Dream Chaser 
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Virgin Galactic’s SpaceShipTwo. This rocket- SpaceShipTwo it doesn't have a carrier vessel, This would be a huge advancement for satellite 


powered aeroplane is lifted into thesky bya and thus will be able to launch and land itself operators, who at the moment must rely on 

larger mothership, WhiteKnightTwo, before onarunway, bringingusabigstepclosertothe rockets to get satellites off Earth but, in future, 

separating and using its rocket engine to take true vision of a space plane. GaTeA mele OM P ees PeMe- Dieta wee al 

six paying customers into space. Here, at a cost But aside from taking tourists on out-of-this- Space planes are also expected to fly 

of $200,000 (£133,000) each - although this has world trips, space planes have another more passengers and crew not only into suborbit, but 

recently risen to $250,000 (£166,000) - they HUUVSLO Mec POUM OTe DME oe ae om Ce ee dlc nie T RAT eh a8 into full orbits around the Earth. One company 

experience six minutes of weightlessness. future versions of SpaceShipTwo and Lynx (eg hoping to do this is Sierra Nevada Corporation 
LM aTODM Geom aUATe-) erm met Tim POC e) ann oat SpaceShipThree and Lynx Mk 3}, that they will 1S RSG we BO) eNO tsi ee te Ped aeEELORn ats 

though. Acompany called XCOR Aerospace has SASIULGUT SUM OL=e TOC MCOMEs LEU emer hula le e-10 (ea eb from NASA, they are hoping to launch this plane 

been quietly building itsownvehicle,knownas  satellitesinto orbit. Todosothey will reach as the successor to the Space Shuttle. Travelling 

the Lynx aircraft, which will be able to take their peak altitude before releasing asmaller atop an Atlas V rocket, it will be capable of 

OPN ONT MR tetiey ele) eM POLO] ars eee ia spacecraft, which carries the payloadinto orbit. taking upto seven people into low Earth orbit 


Rudder 

The rudders can rotate 90 
degrees into a ‘teathered’ 
aed e ame ctor dat 
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eri heat of re-entry. 
SpaceShipTwo is 18m 
(60ft) long and has a 
wingspan of &m (27 ft). Glide 
The carbon-fibre wings of 
SpaceShipTwo allow it ta 
glide safely back to Earth. 
Rocket 
SpaceShiplwo's hybrid 
rocket engine boosts 
Elevon eRe ee eae) 


SpaceShiplwo controls its 
pitch and rollin the atmosphere 
with movable elevons, 


seconds to reach space, 


Composition 

The vehicle's chassis 
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Nose skid 

The vehicle has wheels 
leases eat a 
ema eee mae she 






Window 


en reat! fc cee eels 


The interior of SpaceShipTwo is On board Virgin Galactic’s windows affords the } — q 
el goitt tate ete werkt lap] eer plane there are two pilots passengers a great a 
enjoy space without spacesuits. EA ea ete botet led ee hi ee oe 








History of = 

4 pace fe) ] ater sO aen i el ee 1963 he ted Se The Soviet- built 
Me tel en i Lae elt sl The Space Shuttle, Buran space 

How It Works picks out a few North American ce eee aes capable of taking a crew Sia Mire) toa 

key dates in the evolution of X-15, makes its space, making it the and cargo to and from orbit, its first and only 

space-faring vehicles maiden flight. lela l¢ bel e-ie-tel- [eB] lat launches for the first time. flight into space. 
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(LEO) where they could dock with the 
International Space Station (ISS). This would 
provide the ISS with another means of 
BecPot Sle) Medea eel Meena lee-ii: [ete seta em eR Oyen 
Russia's Soyuz spacecraft. After leaving the 
aad stem Bac TORO ES CPO Amer lel ame, 
Earth much like a regular aeroplane. 

Another vehicle designed to take both people 
FUIORe Ne OM POOR GO ieee mL UO MIRE BAP Gens) | 
behind in its development than the Dream 
Chaser-isthe Skylon space plane. Currently 
being developed by UK-based Reaction Engines 
Limited (REL), Skylon could be a revolution in 
space travel if it ever flies, as itis larger than 
SpaceshipTwo and boasts a much bigger hold. 

Ra PMRE Rec Le eM GOTTA Uti eel Ad COt MUDD 
hopefully at some point towards the end ofthis 
decade — it will reduce the cost oftakinga 
payload into space from £15,000 ($23,000) to just 


Flying into space 


Fred 
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£650 ($990) per kilogram. It could also transport 
as many as 24 people off our planet ata time. 
The vehicle will use a hybrid air-breathing 
rocket engine to reach orbitina single stage 
eresievace a SCen Pate er: m Mm Cin Oa ee-tl baest mee 

PM ATee Cer MO lec] (e a eT Tiocw em PO LAPAeTs LEGA men) 
qaeLV Moma Lem wero] MO) ee) 0 NTR COs] Os ee om OTe 
early flights of SpaceShipTwo and Lynx will 
predominantly be centred around tourism, itis 
PUIUMR PSs Cole RGetsla-]ele(M tea nites secre Gm mel 
used to take useful cargo into orbit inthe 
not-too-distant future. Making space more 
amet LOM POMP ese) CRUE e ene) sees dCem ib ley as 
efficiently in Earth orbit, while the tourism 
aspect will help to fund those endeavours. 
Indeed, companies like Virgin Galactic have 
said that, while the first few hundred tourist 
flights will be quite expensive, future tickets 
should become much more affordable. 
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The tail is moved into. a 


LOR Nay fre) (esetsts Ries vee m ent ee cerstareeele Ms srelidia msl 
festa melee) WhiteKnightTwao Ps 4 re-entry to slow the 
PAO] a aCe eas] ele mee . 7 descent. At a height of 
eet ae Ee 2 Space "s ; #lkm (13mi) it moves back 
rocket engine propelling 7 "The vehicle levels cutatliOkm *. and SpaceShipTwo glides to 
it up to aL Fr (69mi) - officially space - where 1 7 SED 
(2,650mph). , the passengers then experience .. 
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F, PS eae se ee x 
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a ’ 1. Takeoff ‘ 
ra tee eR RP Lee eee 
mS ES bg ' accord. It climbs between 70 and &0 degrees at 
PCY eect i 7 * mei elecele emi tele pee) ees) e re Men Ne doroe i 
ae ‘ Pal leel ge] | 
hs 3 The service height of the Lynx Mk lis 62km . 
‘i . TPM Ui em eel OMe Beet ms ; 
r ' experience a few minutes of weightlessness, * . 
ht Ee yon tebe mee tetera ee A 
a | i Cee day ; 
, 5 ea The Lynx has reaction control thrusters that rc 
7 rf EL eRe eee) elem e te ORNS Sib Mr me alsl (elcome ‘ 
, Vad 4 glides back down for an unpowered runway J 
i? f landing, ready to fly again the same day. ‘' 
Ta 


2004 





lhr 





2008 





Scaled Composites’ 
space plane 

Tee N Sits OR ea 
privately funded 
Mele geet leeds 


2005 


ACOR Aerospace 7 
Richard Branson's PACU eo Ea 2013 
Virgin Galactic acquires Scaled it will begin SpaceShiplwo makes its first 
Composites and then begins eee) OL be cele ee vile te RCs aes Ba 
work on SpaceShipTwa, Lynx space plane, idee RPE eg te 





Steve Isakowitz 
The Executive Vice President 
and Chief Technology Officer 
at Virgin Galactic tells us | 
why we should be excited 
about space planes 





Why are space planes important? 
Space travel is one of the only 

Seite UUMETi eCPM Nee ch wT emma 
everything away every time we fly. What 
were trying to achieve is the ability to fly 
these suborbital flights, bring down the 
[space plane], turn itaround quickly and 
Cai Mime cba em el clme lt b One 

Will tickets to space become cheaper? 
That is our goal, toopen up the space 
frontier for anybody who has the desire to 
ames sem O) steam alee Beep ieT mapa [8 oe 
generation vehicle [SpaceShipOne was the 
first] we expect to have a third, fourth and 
fifth generation that will continue to drive 
down costs and improve reliability. 

VUE abbees eee ta eee) 
from the Lynx? 

Ve Cea M Ge ete eae) e ean a ae 
unbuckle from their seats and have the 
HUH GRTETH ACO ela eka ete emeelemialellaes tore 
experience both the euphoria of zero-g 
and looking out the windows and seeing 
STOO Cotte) (on Om ten ee 
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What can we expect in the future? 
One of the things we keep our eyes on is 
point-to-point travel, the idea of flying 
between two very distant cities but ata 
festa lei GMa Ccee ni cR Maem leet ccc: 
commercial airline to do it. You might be 
able to fly from Tokyo to Los Angeles ina 
third of the time that an airline currently 
Wil BOTs LR MOTE RO Lot Mirae DT TeLeRae am gE TeT 
one could tap into [sometime in this 
decade] with some of the very technologies 
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SUBSCRIBE ANDSAVEUPTO 747% 
Every issue of your subscription, delivered direct to 
your door. Print & digital editions available. 
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NEAT STORAGE 


Store up to 13 issues of your magazine subscription in a coordinating slip case or ring binder. 
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From photography to music and technology to field sports, 
there’s something for everyone. 
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Our magazines and binders make perfect gifts 
too. And don’t worry if you’re not quite sure which 
titles they'll enjoy the most because we have a 
- great choice of gift vouchers available to buy. 
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Official Magazine Subscription Store 
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Discover another of our great bookazines 


From science and history to technology and crafts, there 
are dozens of Future bookazines to suit all tastes 


THE ULTIMATE 
JAVASCRIPT 
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Get great savings when 1000s of great titles, many Worldwide delivery and 
you buy direct from us not available anywhere else super-safe ordering 


; - www.myftfavouritemagazines.co.uk 
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